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AN  hundred  and  fifty  years  are  fcarce  elapfed 
fmce  the  clouds  of  prejudice,  which  had  long 
overfpread  the  world,  began  to  clear  up,  and  men 
were  convinced,  by  cultivating  the  Sciences,  and  at- 
tending to  Nature,  that  no  fanciful  hypothefes  would 
ever  lead  them  to  the  true  caufes  of  thofe  various 
phenomena  that  incefTantly  and  every  where  meet 
the  obferver's  eye ;  but  that  the  narrow  limits  of  the 
human  underflanding  confine  the  courfe  of  our  re- 
fearches  to  one  fmgle  path ;  namely,  that  of  Expe- 
riment, or  the  Ufe  of  our  Senfes.  Yet,  in  this 
fhort  period,  Natural  Philofophy  hath  rifen  to  a  high 
pitch  of  improvement,  and  may  with  truth  be  faid  to 
have  made  much  greater  advances  towards  perfec- 
tion, fmce  the  experimental  method  was  introduced, 
than  in  the  many  ages  before. 

This  is  true  with  regard  to  every  branch  of  Natu- 
ral Philofophy  ;  but  more  particularly  with  regard  to 
Chymiftry.  Though  this  Science  cannot  be  faid  to 
have  ever  exifled  without  experiments,  yet  it  labour-* 
ed  under  the  fame  diladvantages  with  the  reft  ;  be- 
caufe  thofe  who  ftudied  it  made  all  their  experiments 
with  a  view  to  confirm  their  own  Hypothefes,  and 
in  confequence  of  principles  which  had  no  founda- 
tion whatever,  but  in  their  wild  imaginations. 

Hence  arofe  that  enormous  heap,  that  incongru- 
ous jumble  of  fads,  which  fome  time  ago  conftitut- 
ed  all  the  knowledge  of  Chymifts.     Mod  of  them, 
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and  efpecially  thofe  who  affumed  the  pompous  title  of 
Alchymifts,  were  perfuaded  that  all  the  Metals  were 
no  other  than  Nature's  rude  unfinifhed  effays  towards 
making  Gold;  which,  by  means  of  due  cocYion  in 
the  bowels  of  the  earth,  advanced  gradually  towards 
maturity,  till  at  kft  they  were  perfectly  converted 
into  that  beautiful  and  precious  Metal. 

On  this  principle,  which,  if  not  demonftrably  falfe, 
is  at  lead  utterly  deftitute  of  proof,  and  unsupported 
by  a  fmgle  obfervation,  they  attempted  to  fmifh  what 
Nature  had  begun,  by  procuring  to  the  imperfect 
Metals  this  much  defired  co&ion.  To  attain  it  they 
made  an  infinite  number  of  experiments  and  trials  ; 
which  all  confpired  to  detect  the  falfity  of  their  fyf- 
tem,  and  to  fatisfy  men  of  feme,  that  the  methods 
they  employed  were  very  far  from  anfwering  the 
purpofe. 

However,  as.  facts  always  promote  the  knowledge 
of  Nature,  it  happened  that  thofe  experiments,  though 
quite  ufelefs  with  regard  to  the  end  for  which  they 
were  originally  made,  proved  the  occasion  of  feveral 
curious  difcoveries. 

Thefe  lucky  confequences  of  their  miftaken  la- 
bours raifed  the  courage  of  the  Chymifts,  or  ratfrer 
Alchymifts,  who  looked  upon  every  fuch  inftance  of 
fuccefs  as  a  new  ftep  towards  the  Grand  Work,  and 
greatly  increafed  the  fond  opinion  they  entertained  of 
themfelves,  and  of  their  Art,  which,  on  that  account, 
they  fet  up  very  high  above  all  other  Sciences.  Nay, 
they  carried  this  notion  of  fuperiority  fo  far,  as  to 
hold  the  reft  of  mankind  unworthy,  or  incapable,  of 
rifmg  to  fuch  fublime  knowledge.  In  confequence 
thereof  Chymiftry  became  an  occult  and  myfterious 
Science  ;  its  expreifions  were  all  tropes  and  figures, 
its  phrafes  metaphorical,  and  its  axioms  fo  many 
enigmas  :  in  fhort,  an  obfcure  unintelligible  jargon  is 
the  jufteft  character  of  the  Alchymifiic  Language. 

Thus,  by  endeavouring  to  conceal  their  fecrets, 
thofe  gentlemen  rendered  their  Art  ufelefs  to  man- 
kind, 
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kind,  and  brought  it  into  dcferved  contempt.  Eut 
at  length  the  genius  of  true  philofophy  prevailed  in 
Chymiftry,  as  well  as  in  the  other  Sciences.  Some 
great  men  arofe,  who  had  generofrty  enough  to  think 
their  knowledge  no  otherways  valuable  than  as  it 
proved  of  fervice  to  Society.  They  did  their  utmofi 
to  introduce  both  the  knowledge  and  the  practice  of 
many  important  fecrets,  till  then  of  no  ufe  ;  they 
drew  afide  the  veil  which  hid  the  charms  of  Chymif- 
try ;  and  that  Science  emerging  from  the  profound 
obfcurity,  in  which  it  had  for  many  ages  lain  con- 
cealed, gained  the  admiration  of  the  world  as  foon  as 
it  appeared  in  open  day.  Several  focieties  of  inge- 
nious men  were  formed  in  the  moil  learned  countries 
of  Europe,  who  vied  with  one  another  in  their  la- 
bours to  execute  the  noble  fcheme,  and  affifled  each 
other  by  mutually  communicating  their  difcoveries. 
Chymiftry  made  the  moil  rapid  progrefs,  enriching 
and  perfecting  the  Arts  derived  from,  or  depending 
on  it.  In  a  word,  it  put  on  a  new  face,  and  became 
truly  worthy  of  the  title  of  Science  ;  founding  its 
principles  and  its  procefles  on  folid  experiments,  and 
on  juit  confequences  deduced  from  them. 

Since  that  time  the  Art  is  become  lb  extenfive,  by 
the  numerous  difcoveries  which  Chymifts  have  al- 
ready made,  and  are  daily  making,  that  large  volumes 
are  required  to  contain  a  complete  Treatife  on  the 
fubjecl.  .  In  ihort,  Chymiftry  may  now,  in  fome  de- 
gree, be  compared  to  Geometry  :  each  of  thefe  Sci- 
ences takes  in  a  moft  ample  field  of  inquiry,  which 
every  day  enlarges  very  considerably  ;-  from  each  are 
derived  feveral  Arts,  not  only  ufeful  but  even  necef- 
iary  to  Society  ;  each  hath  its  Axioms  and  its  unde- 
niable principles,  either  demonftrated  from  internal 
evidence,  or  founded  on  conflant  experience  ;  fo  that 
the  one,  as  well  as  the  ether,  may  be  reduced  to 
certain  fundamental  truths,  on  which  all  the  reft  are 
built.  Thefe  fundamental  truths  connected  tog-ether, 
and  laid  down   with  order  and  precifion,.  form  what 
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we  call  the  Elements  of  a  Science.  It  is  well  known 
that  there  are  many  fuch  works  relating  to  Geome- 
try, but  it  is  not  fo  with  regard  to  Chymiftry  ;  there 
being  very  few  books  which  treat  of  this  Science  in 
an  Elementary  manner. 

Yet  it  mud  be  owned,  that  performances  of  this 
kind  are  exceedingly  ufeful.  Many  who  have  a  re- 
liih  for  the  Sciences,  but  have  not  leifure  to  read  ela- 
borate Works  which  treat  of  them  minutely,  are  glad 
to  meet  with  a  book  from  which,  without  facrificing 
too  much  of  their  time,  or  neglecting  their  ordinary 
buiinefs,  they  may  obtain  a  tafte  or  juft  notion  of  a 
Science  that  is  not  their  principal  ftudy.  Thofe  who 
incline  to  go  farther,  and  learn  more,  may,  by  read- 
ing an  elementary  tract,  be  enabled  to  understand 
Authors,  who,  as  they  commonly  write  only  for  pro- 
ficients in  the  Art,  are  obfcure  and  hardly  intelligi- 
ble to  mere  beginners.  Nay,  I  prefume  to  fay,  that 
an  Elementary  Treatife  of  Chymiftry  may  prove  a 
very  ufeful  book,  even  to  thofe  who  have  made  fome 
progrefs  in  the  Science :  for  as  it  contains  only  the 
fundamental  prcpoiitions,  and  indeed  is  an  abftract 
of  the  whole  Art,  it  may  help  them  to  recoiled  the 
moll  important  parts  of  what  they  have  read  in  ma- 
ny different  works,  and  fix  in  their  memoirs  the  mod 
effential  truths,  which  might  eife  be  either  confound- 
ed with  others,  or  entirely  forgot.  And  thefe  are 
the  motives  which  determined  me  to  compofe  the 
Work  which  1  now  offer  to  the  Public. 

The  general  Plan  on  which  1  proceed  is  to  fuppofe 
my  Reader  an  abfolute  Novice  in  Chymiftry  ;  to  lead 
him  from  the  moft  fimpie  truths,  and  fuch  as  imply 
the  lowed  degree  of  knowledge,  to  fuch  as  are  more 
complex,  and  require  a  greater  aco^aintance  with 
Nature.  This  order,  which  I  have  laid  down  for  my 
rule,  hath  obliged  me  to  begin  with  examining  the 
moft  fimpie  fubftances  that  we  know,  and  which  we 
confider  as  the  elements  whereof  others  are  compof- 
ed ;  as,  by  knowing  the  properties  of  thefe  elemen- 
tary parts,  we  are  naturally  led  to  thofe  of  their  fe- 
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veral  combinations ;  and,  on  the  other  hand,  in  or- 
der to  know  the  properties  of  compound  bodies,  it 
is  neceffary  we  mould  be  firft  acquainted  with  the 
properties  of  their  principles.  The  fame  reafon  in- 
duced me,  when  enquiring  into  the  properties  of  one 
fubftance,  to  take  no  notice  of  thofe  which  relate  to  any 
other  fubftance  not  treated  of  before.  For  example  : 
as  I  treat  of  Acids  before  Metals,  1  fay  nothing  un- 
der the  head  of  thofe  Acids  concerning  their  power 
of  diffolving  metals  ;  that  I  defer  till  I  come  to  the 
fubjecl  of  Metals  :  and  thus  I  avoid  fpeaking  prema- 
turely of  a  fubftance  with  which  I  fuppofe  my  Reader 
wholly  unacquainted.  And  this  method  I  was  fo 
much  the  more  eafiiy  induced  to  follow,  that  I  know 
of  no  Chymical  book  written  on  the  fame  Plan. 

After  difcourfmg  of  Elements  in  general,  1  treat 
next  of  fuch  fubftances  as  are  immediately  compofed 
of  them,  and  are,  next  to  them,  the  moil  fimple  : 
fuch  are  all  faline  fubftances.  This  head  compre- 
hends mineral  Acids,  fixed  Alkalis,  and  their  feveral 
combinations  •,  the  volatile  fulphureous  fpirit,  fulphur, 
phofphorus,  and  the  Neutral  felts  which  have  an  earth 
or  fixed  Alkali  for  their  bafts :  thofe  which  have  for 
their  bafis  either  a  volatile  Alkali,  or  fome  metallic 
fubftance,  are  referred,  according  to  my  general  Plan, 
to  the  heads  under  which  I  treat  of  thofe  fubftances, 

Metallic  fubftances  are  fcarcely  more  compounded 
than  the  faline  ;  which  induces  me  to  conftder  them 
next.  I  begin  with  thofe  which  are  the  mod  fimple, 
or  at  ieaft  feem  to  be  fo  5  becaufe  their  principles, 
being  very  ftrongly  connected  together,  are  feparated, 
with  the  greateft  difficulty:  fuch  are  the  Metals  pro- 
perly fo  called  ;  namely,  Gold,  Silver,  Copper,  Iron, 
Tin,  and  Lead.  After  thefe  come  the  Semi-metals 
in  order;  to  wit,  Regulus  of  Antimony,  Zinc,  Bif- 
muth,  and  Regulus  of  Arfenic.  Mercury  being  a 
doubtful  fubftance,  which  fome  Chymifts  rank  with 
the  Metals,  and  others  with  the  Semi-metals,  becaufe 
it  actually  poffefies  certain  properties  in  common  with 
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each,  I  have  treated  of  it  in  a  feparate  Chapter,  which 
Hands  between  the  Metals  and  Semi-metals. 

I  next  proceed  to  examine  the  feveral  forts  of  Oils, 
.whether  Vegetable,  which  are  divided  into  fat,  effen- 
tial,  and  empyreumatic;  or  Animal,  and  Mineral  Oils. 

By  examining  thefe  fubflances  we  obtain  ideas  of 
all  the  principles  which  enter  into  the  competition  of 
Vegetable  and  Animal  bodies;  that  is,  of  thofe  fub- 
fiances  that  are  capable  of  fermentation:  this  enables 
me  to  treat  of  fermentation  in  general  ;  of  its  three 
different  degrees  or  kinds,  the  fpirituous,  acetous, 
and  putrid  ;  and  of  the  products  of  thofe  fermenta- 
tions, ardent  fpirits,  acids  analogous  to  thofe  of  ve- 
getables and  animals,  and  volatile  alkalis. 

The  order  in  which  I  treat  of  all  thofe  fubflances 
being  different  from  that  in  which  they  are  obtained 
from  compound  bodies,  1  give,  in  a  diilincl  Chapter, 
a  general  idea  of  Chymical  Decompofition,  with  a 
view  to  {hew  the  order  in  which  they  are  feparated, 
from  the  feveral  bodies  in  the  competition  whereof 
they  are  found.  This  brings  them  a  fecond  time  un- 
der review,  and  give  me  an  opportunity  of  diftinguim- 
ing  thofe  which  exiff  naturally  in  compound  bodies, 
from  thofe  wmich  are  only  the  refult  of  a  new  combina- 
tion of  fome  of  their  principles  produced  by  the  fire. 

The  fucceeding  Chapter  explains  the  late  Mr  Geof- 
froy's  Table  of  Affinities ;  wmich  I  take  to  be  of  great 
ufe  at  the  end  of  an  Elementary  tract  like  this,  as  it 
collects  into  one  point  of  view  the  moil  effential  and 
fundamental  doctrines  which  are  difperfed  through 
the  work. 

I  conclude  with  an  account  of  the  Conftruclion  of 
fuch  Veffels  and  Furnaces  as  are  ufually  employed  in 
Chymiflry. 

in  this  Part  I  fay  nothing  of  any  manual  opera- 
tions, or  the  feveral  ways  of  performing  Chymical 
proceifes  ;  referving  thefe  particulars  for  my  Treatife 
of  Practical  Chymiitry,  to  which  this  niuft  be  confi- 
de red  as  an  Introduction, 

c  o  u- 
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THEORY  of   CHYMISTRY. 


CHAP.       I. 

Of  the  Principles  ^Bodies. 

TH  E  object  and  principal  end  of  Chymiftry,  is  to 
feparate  the  different  fubftances*  that  enter  into  the 
compofition  of  bodies ;  to  examine  each  of  them, 
apart;  to  difcover  their  properties  and  relations;  to  decom- 
pofe,  if  poffible,  thofe  very  fubftances ;  to  compare  them  to- 
gether, and  combine  them  with  others  ;  to  reunite  them 
again  into  one  body,  fo  as  to  reproduce  the  original  com- 
pound with  all  its  properties ;  or  even  to  produce  new  com- 
pounds that  never  exifted  among  the  works  of  nature,  from 
mixtures  of  other  matters  differently  combined. 

But  this  Analyfis,  or  Decomposition,  of  bodies  is  finite ; 
we  being  unable  to  carry  it  beyond  a  certain  limit.  In  what- 
ever way  we  attempt  to  go  further,  we  are  always  flopped  by 
fubftances  in  which  we  can  produce  no  change,  which  will 
not  admit  of  being  refolved  into  others,  and  which  ftand  as 
fo  many  firm  barriers  obftrucl:ing  our  progrefs. 

To  thefe  fubftances  we  may,  in  my  opinion,  give  the  title 
of  Principles  or  Elements  :  at  leaft,  with  regard  to  us,  they 
are  really  fuch.  Of  this  fort  the  principal  are  Earth,  Water, 
Air,  and  Fire.  For  though  there  is  ground  to  believe  that 
thefe  are  not  the  primary  component  parts,  or  the  moft  fim- 
ple  elements,  of  matter;  yet,  as  we  know  by  experience,  that 
our  fenfes  cannot  poiTibly  difcover  the  principles  of  which 
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they  are  compofed,  it  feems  more  reasonable  to  fix  upon 
therrt,  and  confider  them  as  fimple  homogeneous  bodies,  and 
the  principles  of  the  reft,  than  to  fatigue  our  minds  with 
vain  conjectures  about  the  parts  or  elements  of  which  they 
mayconfift;  feeing  there  is  no  criterion  by  which  we  can 
know  whether  we  have  hit  upon  the  truth,  or  whether  the 
riotions  we  have  formed  are  mere  fancies.  AVe  fhall  there- 
fore confider  thefe  four  fubfbnces  as  the  principles  or  ele- 
ments of  all  the  various  compounds  which  nature  prefents  to 
our  inquiries  :  becaufe,  of  all  thofe  we  have  as  yet  difcovered, 
they  are  in  fact,  the  moft  fimple ;  and  becaufe  all  our  decom- 
positions, all  our  experiments  on  other  bodies,  plainly  prove 
that  they  are  at  laft  refolvable  into  thefe  primary  parts. 

Thefe  principles  do  not  enter  in  the  fame  proportion  into 
all  bodies  :  there  are  even  fome  mixts  in  the  compofition  of 
which  this  or  that  particular  principle  is  not  to  be  found.  Thus 
Air  and  Water  feem  to  be  wholly  excluded  from  the  texture 
of  Metals;  at  lean:  all  the  experiments  that  have  hitherto  been 
made  on  them  feem  to  confirm  this  opinion. 

The  fubftances  compofed  immediately  of  thefe  jirft  Ele- 
ments we  fhall  call  fecundary  Principles  \  becaufe  in  reality 
their  feveral  combinations  with  each  other,  the  interchange- 
able coalitions  that  take  place  between  them,  conftitute  the 
different  natures  of  all  other  bodies ;  which,  as  they  refult 
from  the  union  both  of  primary  and  fecondary  principles,  are 
properly  entitled  to  the  name  of  Compounds  or  Mixts. 

Before  we  enter  upon  the  examination  of  Compound  Sub- 
ftances,  it  is  neceffary  to  confider  with  fome  attention  the 
moft  Simple  ones,  or  our  four  firft  principles,  in  order  to 
difcover  their  chief  properties. 

SECTION     I. 

Of  Air. 

Air  is  that  "Fluid  which  we  conftantly  breathe,  and  which 
iurrounds  the  whole  fiirface  of  the  terreftrial  globe.  Being 
heavy,  like  all  other  bodies,  it  penetrates  into  all  places  that 
are  not  either  abfolutely  inacceflible,  or  filled  with  fome  other 
body  heavier  than  itfelf.  Its  principal  property  is  to  be  fuf- 
ceptible  of  condenfation  and  rarefaction  ;  io  that  the  very 
fame  quantity  of  Air  may  occupy  a  much  greater,  or  a  much 
frrialler  fpace,  according  to  the  different  ftate  it  is  in.  Heat 
and  cold,  or,  if  you  will,  the  prefence  and  the  abfence  of 
the  particles  of  Fire,  are  the  moft  ufual  caufes,   and  indeed 
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the  meafures,  of  its  condenfation  and  rarefaction  :  for  if  a 
certain  quantity  of  Air  be  heated,  its  bulk  enlarges  in  pro- 
portion to  the  degree  of  heat  applied  to  it ;  the  confequence 
of  which  is,  that  the  fame  fpace  now  contains  fewer  particles 
of  Air  than  it  did- before.  Cold  again  produces  juft  the  op- 
pofite  effect. 

On  this  property  which  Air  has,  of  being  condenfed  and 
rarefied  by  heat,  its  elafticity  or  fpringinefs  chiefly  depends. 
For  if  Air  were  forced  by  condenfation  into  a  lefs  compafs 
than  it  took  up  before,  and  then  expofed  to  a  very  consider- 
able degree  of  cold,  it  would  remain  quite  inactive,  without 
exerting  fuch  an  effort  as  it  ufually  makes  againft  the  com- 
preffmg  body.  On  the  other  hand,  the  elafticity  of  heated 
Air  arifes  only  from  hence,  that  being  rarefied  by  the  action 
of  Fire,  it  requires  much  more  fpace  than  it  occupied  be- 
fore. 

Air  enters  into  the  composition  of  many  fubftances,  efpe- 
cially  vegetable  and  animal  bodies  :  for  by  analyfing  moft  of 
them  fuch  a  confiderable  quantity  thereof  is  extricated,  that 
fome  naturalifts  have  fufpected  it  to  be  altogether  deftitute  of 
elafticity  when  thus  combined  with  the  other  principles  in 
the  compofition  of  bodies.  According  to  diem,  the  efficacy  of 
the  elaftic  power  of  the  Air  is  fo  prodigious,  and  its  force  when, 
compreffed  fo  exceffive,  that  it  is  not  poffible  the  other  com- 
ponent parts  of  bodies  (hould  be  able  to  confine  fo  much  of 
it,  in  that  ftate  of  compreffion  which  it  muft  needs  undergo, 
if  retaining  its  elafticity  it  were  pent  up  among  them. 

However  that  be,  this  elaftic  property  of  the  Air  produces 
the  moft  fingular  and  important  phenomena,  obfervable  in 
the  refolution  a,nd  compofition  of  bodies. 

SECTION     IL 

Of  Wate  r  . 

'Water  is  a  thing  fo  well  known,  that  it  is  almoft  need- 
lefs  to  attempt  giving  a  general  idea  of  it  here.  Every  one 
knows  that  it  is  a  tranfparent,  infipid  fubftance,  and  ufualfy 
fluid.  I  fay  it  is  ufually  fo;  for  being  expofed  to  a  certain 
degree  of  cold  it  becomes  folid:  folidity  therefore  feems  to 
be  its  moft  natural  ftate. 

W ater  expofed  to  the  Fire  grows  hot ;  but  only  to  a  limit- 
ed degree,  beyond  which  its  heat  never  rifes,  be  the  force  of 
Fire  applied  to  it  ever  fo  violent :  it  isknown  to  have  acquir- 
ed this  degree  of  heat  by  its  boiling  up  with  great  tumuhv 

A  2  Watejj 


4  ELEMENTS     of     the         Chap.  i. 

Water  cannot  be  made  hotter,  becaufe  it  is  volatile,  and  in- 
capable of  enduring  the  heat,  without  being  evaporated  and 
entirely  diffipated. 

If  fuch  a  violent  and  fudden  heat  be  applied  to  Water,  as 
will  not  allow  it  time  to  exhale  gently  in  vapours,  as  when, 
for  inftance,  a  fmall  quantity  thereof  is  thrown  upon  a  me- 
tal in  fufion,  it  is  diffipated  at  once  with  vaft  impetuofity, 
producing  a  mod  terrible  and  dangerous  explofion.  This 
furprifmg  effect  may  be  deduced  from  the  inftantaneous  dila- 
tation of  the  parts  of  the  Water  itfelf,  or  rather  of  the  Air 
it  contains.  Moreover,  Water  enters  into  the  texture  of 
many  bodies,  both  compounds  and  fecondary  principles ; 
but,  like  Air,  it  feems  to  be  excluded  from  the  composition 
of  all  metals  and  moft  minerals.  For  although  an  immenfe 
quantity  of  Water  exifts  in  the  bowels  of  the  Earth,  moiff- 
ening  all  its  contents,  it  cannot  be  thence  inferred,  that  it  is 
one  of  the  principles  of  minerals.  It  is  only  interpofed  be- 
tween their  parts ;  for  they  may  be  entirely  diverted  of  it, 
without  any  fort  of  decomposition  :  indeed  it  is  not  capable 
of  an  intimate  connection  with  them. 

SECTION     III. 
Of    Earth. 

We  obferved  that  the  two  principles  above  treated  of  are 
volatile ;  that  is,  the  action  of  Fire  feparates  them  from  the 
bodies  they  help  to  compofe,  carrying  them  quite  off,  and 
diffipating  them.  That  of  which  we  are  now  to  fpeak, 
namely  Earth,  is  fixed,  and,  when  it  is  abfolutely  pure,  re- 
refifts  the  utmofl  force  of  Fire.  So  that,  whatever  remains 
of  a  body,  after  it  hath  been  expofed  to  the  power  of  the 
fiercefl  Fire,  muft  be  confidered  as  containing  nearly  all  its 
earthy  principle,  and  confifting  chiefly  thereof.  I  qualify 
my  exprefiicn  thus  for  two  reafons  :  the  firft  is,  becaufe  it 
often  happens,  that  this  remainder  does  not  actually  contain 
all  the  Earth  which  exifted  originally  in  the  mixt  body  de- 
compofed  by  Fire  ;  fmce  it  will  afterwards  appear  that  Earth, 
though  in  its  own  nature  fixed,  may  be  rendered  volatile  by 
being  intimately  united  with  other  fubfiances  which  are  fo ; 
and  that,  in  fa£t,  it  is  common  enough  for  part  of  the  Earth 
of  a  body  to  be  thus  volatilized  by  its  other  principles :  the 
fecond  is,  that  what  remains  after  the  calcination  of  a  body 
is  not  generally  its  earth  in  perfect  purity,  but  combined 
with  fome  of  its  other  principles,  which,  though  volatile  in 

their 


Sea.  4.     THEORY   of    CHYMISTRY.  5 

their  own  natures,  have  been  fixed  by  the  union  contra&ed 
between  it  and  them.  We  dial],  in  the  feqriel,  produce  fome 
examples  to  illuftrate  this  theory. 

Earth,  therefore,  properly  fo  called,  is  a  fixed  principle, 
which  is  permanent  in  the  Fire.  There  is  reafon  to  think  it 
very  difficult,  if  not  impoffible,  to  obtain  the  earthy  princi- 
ple entirely  free  from  every  other  fubftance  :  for  after  our  ut- 
moft  endeavours  to  purify  them,  the  Earths  we  obtain  from 
different  compounds  are  found  to  have  different  properties, 
according  to  the  different  bodies  from  which  they  are  procured  -y 
or  elfe,  if  thofe  Earths  be  pure,  we  muft  allow  them  to  be 
effentially  different,  feeing  they  have  different  properties. 

Earth,  in  general,  with  regard  to  its  properties,  may  be 
distributed  into  fujihle,  and  unfufible ;  that  is,  into  Earth 
that  is  capable  of  melting  or  becoming  fluid  in  the  Fire,  and 
Earth  that  constantly  remains  in  a  folid  form,  never  melting 
in  the  ftrongeft  degree  of  heat  to  which  we  can  expofe  it. 

The  former  is  alfo  called  vitrifiable,  and  the  fecond  unvi- 
trifiable  Earth;  becaufe,  when  Earth  is  melted  by  the  force  of 
Fire,  it  becomes  what  we  call  Giafs,  which  is  nothing  but 
the  parts  of  Earth  brought  into  nearer  contact,  and  more 
clofely  united  by  the  means  of  fufion.  Perhaps  the  Earth, 
which  we  look  upon  as  incapable  of  vitrification,  might  be 
fufed  if  we  could  apply  to  it  a  fufficient  degree  of  heat.  It 
is  at  leaft  certain,  that  fome  Earths,  or  ftones,  which  fepa- 
rately  refill:  the  force  of  Fire,  fo  that  they  cannot  be  melted,, 
become  fufible  when  mixed  together.  Experience  convinced 
Mr.  du  Hamel  that  lime-ftone  and  flate  are  of  this  kind.  It 
is  however  undoubtedly  true,  that  one  Earth  differs  from  an- 
other in  its  degree  of  fufibility  :  and  this  gives  ground  to  be- 
lieve, that  there  may  be  a  fpecies  of  Earth  abfolutely  unvitri- 
fiable  in  its  nature,  which,  being  mixed  in  different  propor- 
tions with  fufible  Earths,  renders  them  difficult  to  melt. 

Whatever  may  be  in  this,  as  there  are  Earths  which  we 
are  abfolutely  unable  to  vitrify,  that  is  a  fufficient  reafon  for 
our  divifion  of  them.  Unvitrifiable  Earths  feem  to  be  po- 
rous, for  they  imbibe  Water;  whence  they  have  alfo  got  the 
name  of  Abjorbent  Earths. 

SECTION    IV. 

Of    Fire. 

The  Matter  of  the  Sun,  or  of  Light,  the  Phlogifton, 
Fire,  the  Sulphureous  Principle,    the  Inflammable  Matter, 

arc 
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are  all  of  them  names  by  which  the  Element  of  Fire  is  ufu- 
ally  denoted.  But  it  mould  feem,  that  an  accurate  diftinc- 
tion  hath  not  yet  been  made  between  the  different  ftates  in 
which  it  exifts  ;  that  is,  between  the  phenomena  of  Fire  ac- 
tually exifting  as  a  principle  in  the  compofition  of  bodies, 
and  thofe  which  it  exhibits  when  exifting  feparately  and  in 
its  natural  ftate:  nor  have  proper  diftincS  appellations  been 
affigned  to  it  in  thofe  different  circumftances.  In  the  latter 
ftate  we  may  properly  give  it  the  names  of  Fire,  Matter  of 
the  Sun,  of  Light,  and  of  Heat;  and  may  confider  it  as  a 
fubftance  compofed  of  infinitely  fmall  particles,  continually- 
agitated  by  a  moft  rapid  motion,  and,  of  confequence,  eflen- 
tially  fluid. 

This  fubftance,  of  which  the  fun  may  be  called  the  gene- 
ral refervoir,  feems  to  flow  inceffantly  from  that  fource,  dif- 
fufing  itfelf  over  the  world,  and  through  all  the  bodies  we 
know;  but  not  as  a  principle,  or  eflential  part  of  them, 
fince  they  may  be  deprived  thereof,  at  leaft  in  a  great  mea- 
fure,  without  fuffering  any  decompofition.  The  greateft 
change  produced  on  them,  by  its  prefence  or  its  abfence,  is 
the  rendering  them  fluid  or  folid:  fo  that  all  other  bodies 
may  be  deemed  naturally  folid ;  Fire  alone  effentially  fluid, 
and  the  principle  of  fluidity  in  others.  This  being  prefup- 
pofed,  Air  itfelf  might  become  folid,  if  it  could  be  entirely 
deprived  of  the  Fire  it  contains ;  as  bodies  of  moft  difficult 
fufion  become  fluid,  when  penetrated  by  a  fufncient  quantity 
of  the  particles  of  Fire. 

One  of  the  chief  properties  of  this  pure  Fire  is  to  pene- 
trate eafily  into  all  bodies,  and  to  diffufe  itfelf  among  them 
with  a  fort  of  uniformity  and  equality  :  for  if  a  heated  body 
be  contiguous  to  a  cold  one,  the  former  communicates  to  the 
latter  all  its  excefs  of  heat,  cooling  in  exa£t  proportion  as  the 
other  warms,  till  both  come  to  have  the  very  fame  degree  of 
heat.  Heat,  however,  is  naturally  communicable  fooneft  to 
the  upper  parts  of  a  body;  and  confequently,  \yhen  a  body 
cools,  the  under  parts  become  fooneft  cold.  It  hath  been  - 
obferved,  for  inftance,  that  the  lower  extremity  of  a  heated 
body,  freely  fufpended  in  the  air,  grows  cold  fooner  than  the 
upper;  and  that,  when  a  bar  of  iron  is  red-hot  at  one  end, 
and  cold  at  the  other,  the  cold  end  is  much  fooner  heated  by 
placing  the  bar  fo  that  the  hot  end  may  be  undermoft,  than 
when  that  end  is  turned  uppermoft.  The  levity  of  the  mat- 
ter of  Fire,  and  the  vicinity  of  the  Earth,  may  poffibly  be 
the  caufes  of  this  phenomenon. 

Another  property  of  Fire  is  to  dilate  all  bodies  into  which 
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it  penetrates.     This  hath  already  been  (hewn  with  regard  to 
Air  and  Water  ;  and  it  produces  the  fame  effecl:  on  Earth. 

Fire  is  the  mod:  powerful  agent  We  can  employ  to  decom- 
pofe  bodies ;  and  the  greateft  degree  of  heat  producible  by 
man,  is  that  excited  by  the  rays  of  the  fun  collected  in  the 
focus  of  a  large  burning-glafs. 

SECTION     V, 
Of    the    Phlogiston. 

From  what  hath  been  faid  concerning  the  nature  of  Fire* 
it  is  evidently  impoflible  for  us  to.  fix  and  confine  it  in  any 
body.  Yet  the  phenomena  attending  the  combuftion  of  in- 
flammable bodies  fhew,  that  they  really  contain  the  matter 
of  Fire  as  a  conftituent  principle.  By  what  mechanifm  then 
is  this  fluid,  which  is  fo  fubtle,  fo  active,  fo  difficult  to  con- 
fine, fo  capable  of  penetrating  into  every  other  fubftanee  irt 
nature;  how  comes  it,  I  fay,  to  be  fo  fixed  as  to  make  a 
component  part  of  the  moft  folid  bodies?  It  is  no  eafy  mat- 
ter to  give  a  fatisfaclory  anfwer  to  this  queftion.  But,  with- 
out pretending  to  guefs  the  caufe  of  the  phenomenon,  let  us 
reft:  contented  with  the  certainty  of  the  fa£r.,  the  knowledge 
of  which  will  undoubtedly  procure  us  confiderable  advan- 
tages. Let  its  therefore  examine  the  properties  of  Fire  thus 
fixed,  and  become  a  principle  of  bodies.  To  this  fubftanee, 
in  order  to  diftinguifh  it  from  pure  and  unfixed  Fire,  the 
Chymifts  have  affigned  the  peculiar  title  of  the  Phlogiflon^ 
which  indeed  is  no  other  than  a  Greek  word  for  the  Inflam- 
mable Matter^  by  which  latter  name,  as  well  as  by  that  of 
the  Sulphureous  Principle,  it  is  alfo  fometimes  called.  It 
differs  from  elementary  Fire  in  the  following  particulars. 
z.  When  united  to  a  body,  it  communicates  to  it  neither  heat 
nor  light.  2.  It  produces  no  change  in  its  flate,  whether  of 
folidity  or  fluidity;  fo  that  a  folicl  body  does  not  become  fluid 
by  the  acceflion  of  the  Phlogiflon,  and  vice  verfa ;  the  folid 
bodies  to  which  it  is  joined  being  only  rendered  thereby 
more  apt  to  be  fufed  by  the  force  of  the  culinary  fire. 
3.  We  can  convey  it  from  the  body  with  which  it  is  joined 
into  another  body,  fo  that  it  fhall  enter  into  the  compofition 
thereof,  and  remain  fixed  in  it. 

On  this  occafion  both  thefe  bodies*  that  which  is  deprived 
of  the  Phlogiflon  and  that  which  receives  it,  undergo  very 
confiderable  alterations;  and  it  is  this  laft  circumftance,  in 
particular,  that  obliges  us  to  diftinguifh  the  Phlogiflon  from 

pure 
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pure  Fire,  and  to  confider  it  as  the  element  of  Fire  combin- 
ed with  fome  other  fubftance,  which  ferves  it  as  a  bafis  for 
conftituting  a  kind  of  fecondary  principle.  For  if  there  were 
no  difference  between  them,  we  mould  be  able  to  introduce 
and  fix  pure  Fire  itfelf,  wherever  we  can  introduce  and  fix 
the  Phlogifton  :  yet  this  is  what  we  can  by  no  means  do,  as 
will  appear  from  experiments  to  be  afterwards  produced. 

Hitherto,  Chymifts  have  never  been  able  to  obtain  the 
Phlogifton  quite  pure,  and  free  from  every  other  fubftance  : 
for  there  are  but  two  ways  of  feparating  it  from  a  body  of 
which  it  makes  a  part ;  to  wit,  either  by  applying  fome  other 
body  with  which  it  may  unite  the  moment  it  quits  the  for- 
mer ;  or  eife  by  calcining  and  burning  the  compound  from 
which  you  defire  to  fever  it.  In  the  former  cafe  it  is  evident 
that  we  do  not  get  the  Phlogifton  by  itfelf,  becaufe  it  only 
pafTes  from  one  combination  into  another  j  and  in  the  latter, 
it  is  entirely  diffipated  in  the  decompofition,  fo  that  no  part 
of  it  can  pofTibly  be  fecured. 

The  inflammability  of  a  body  is  an  infallible  fign  that  it 
contains  a  Phlogifton ;  but  from  a  body's  not  being  inflam- 
mable, it  cannot  be  inferred  that  it  contains  none;  for  expe- 
riments have  demonftrated  that  certain  metals  abound  with 
it,  which  yet  are  by  no  means  inflammable. 

We  have  now  delivered  what  is  molt  neceiTary  to  be  known 
concerning  the  principles  of  bodies  in  general.  They  have 
many  other  qualities  befides  thofe  above-mentioned  5  but  we 
cannot  properly  take  notice  of  them  here,  becaufe  they  pre- 
fuppofe  an  acquaintance  with  fome  other  things  relating  to 
bodies,  of  which  we  have  hitherto  faid  nothing ;  intending 
to  treat  of  them  in  the  fequel  as  occafion  fhall  offer.  We 
fhall  only  obferve  in  this  place,  that  when  animal  and  vege- 
table matters  are  burnt,  in  fuch  a  manner  as  to  hinder  them 
from  flaming,  fome  part  of  the  Phlogifton  contained  in  them 
unites  intimately  with  their  molt  fixed  earthy  parts,  and  with 
them  forms  a  compound,  that  can  be  confumed  only  by 
making  it  red-hot  in  the  open  air,  where  it  fparkles  and 
waftes  away,  without  emitting  any  flame.  This  compound 
is  called  a  Coal.  We  fhall  inquire  into  the  properties  of  this 
Coal  under  the  head  of  Oils  :  at  prefent  it  fuffices  that  we 
know  in  general  what  it  is,  and  that  it  readily  communicates, 
to  other  bodies  the  Phlogifton  it  contains.. 
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CHAP.    II. 

C4  general  View  cf  the  Relations  or  Affinities  between 
Bodies . 

BEFORE  we  can  reduce  compound  Bodies  to  the  fxrft 
principles  above  pointed  out,  we  obtain,  by  analyfirig 
them,  certain  fubftances  which  are  indeed  more  {irnple.thah 
the  bodies  they  helped  to  compofe,  yet  are  themfelves  corh- 
pofed  of  our  primary  principles.  They  are  therefore  at  dhe 
and  the  fame  time  both  principles  and  compounds;  for 
which  reafon  we  mail,  as  was  before  faid,  call  them  by  the 
name  of  Secondary  Principles.  Saline  and  oily  matters 
chiefly  conftitute  this  clafs.  But  before  We  enter  upon  an 
examination  of  their  properties,  it  is  fit  we  lay  before  the 
reader  a  general  view  of  what  Chymifts  understand  by  the 
Relations  or  Affinities  of  Bodies;  becaufe  it  is  neceltary  to 
know  thefe,  in  order  to  a  diftintl  conception  of  the  different 
combinations  we  are  to  treat  of. 

All  the  experiments  hitherto  made  concur  with  daily  ob- 
servation to  prove,  that  different  bodies,  whether  principles  or 
Compounds,  have  fuch  a  mutual  Conformity,  Relation,  Af- 
finity, or  Attraction,  if  you  will  call  it  fo,  as  difpofes  fome 
of  them  to  join  and  unite  together,  while  they  are  incapable 
of  contracting  any  union  with  others.  This  effect^  whate- 
ver be  its  caufe,  will  enable  us  to  account  for,  and  connect 
together,  all  the  phenomena  that  Chymiftry  produces.  The 
nature. of  this  univerfal  affection  of  matter  is  distinctly  laid 
down  in  the  following  proportions. 

Firft,  If  any  fubftance  hath  any  Affinity  or  conformity 
with  another,  the  two  will  unite  together*  and  form  one 
compound. 

Secondly,  It  may  be  laid  down  as  a  general  rule,  that  all 
fimilar  fubftances  have  an  Affinity  with  each  other,  and  are 
confequently  difpofed  to  unite ;  as  water  with  water,  earth 
with  earth,  <&c. 

Thirdly,  Subftances  that  unite  together  lofe  fome  of  their 
feparate  properties ;  and  the  compounds  refulting  from  their 
union  partake  of  the  properties  of  thofe  fubftances  which 
ferve  as  their  principles. 

B  Fourthly, 
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Fourthly,  The  firrrpkr  any  fubftances  are,  the  more  per- 
ceptible and  corifiderable  are  their  Affinities:  whence  it  fol- 
lows, that  the  lefs  bodies  are  compounded,  the  more  difficult 
it  is  to  analyfe  them  ;  that  is,  to  feparate  from  each  other 
the  principles  of  which  they  confift. 

Fifthly,  If  a  body  cOnfift  of  two  fubftances,  and  to  this 
compound  be  prefented  a  third  fubftance,  that  has  no  Affinity 
at  all  with  one  of  the  two  primary  fubftances  aforefaid,  but 
has  a  greater  Affinity  with  the  other  than  thofe  two  fubftan- 
ces have  with  each  other,  there  will  enfue  a  decompofition, 
and  a  new  union ;  that  is,  the  third  fubftanee  will  feparate 
the  two  compounding  fubftances  from  each  other,  coalefce 
with  that  which  has  an  Affinity  with  it,  form  therewith  a 
new  combination,  and  difengage  the  other,  which  will  then 
be  left  at  liberty,  and  fuch  as  it  was  before  it  had  contracted 
any  union. 

Sixthly,  It  happens  fometimes  that  when  a  third  fubftance 
is  prefented  to  a  body  confifting  of  two  fubftances,  no  de- 
compofition follows ;  but  the  two  compounding  fubftances, 
without  quitting  each  other,  unite  with  the  fubftance  pre- 
fented to  them,  and  form  a  combination  of  three  principles  5 
and  this  comes  to  pafs  when  that  third  fubftance  has  an  e- 
qual,  or  nearly  equal,  Affinity  with  each  of  the  compound- 
ing fubftances.  The  fame  thing  may  alfo  happen  even  when 
the  third  fubftance  hath  no  Affinity  but  with  one  of  the  com- 
pounding fubftances  only.  To  produce  fuch  an  effect,  it  is 
fufficient  that  one  of  the  two  compounding  fubftances  have 
to  the  third  body  a  Relation  equal,  or  nearly  equal,  to  that 
which  it  has  to  the  other  compounding  fubftance  with  which 
it  is  already  combined.  Thence  it  follows,  that  two  fub- 
ftances,  which,  when  apart  from  all  others,  are  incapable  of 
contracting  any  union,  may  be  rendered  capable  of  incorpo- 
rating together  in  fome  meafure,  and  becoming  parts  of  the 
fame  compound,  by  combining  with  a  third  fubftance  with 
which  each  of  them  has  an  equal  Affinity. 

Seventhly,  A  body,  which  of  itfelf  cannot  decompofe  a 
compound  confifting  of  two  fubftances,  becaufe,  as  we  juft 
now  faid,  they  have  a  greater  affinity  with  each  other  than 
it  has  with  either  of  them,  becomes  neverthelefs  capable  of 
feparating  the  two  by  uniting  with  one  of  them,  when  it  is 
itfelf  combined  with  another  body,  having  a  degree  of  Affi- 
nity with  that  one,  fufficient  to  eompenfate  its  own  want 
thereof.  In  that  cafe  there  are  two  Affinities,  and  thence 
enfues  a  double  decompofition  and  a  double  combination. 

Tbefe 
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Thefe  fundamental  truths,  from  which  we  (hall  deduce 
an  explanation  of  all  the  phenomena  in  Chymiftry,  will  be 
confirmed  and  illuftrated  by  applying  them,  as  we  (hall  do, 
to  the  feveral  cafes,  of  which  our  defign  in  this  treatife  ob- 
liges us  to  give  a  circumftantial  account. 


CHAP.     III. 

Of  Saline  Subftances  in  general. 

TF  a  particle  of  water  be  intimately  united  with  a  particle 
*•  of  earth,  the  refult  will  be  a  new  compound,  which,  ac- 
cording to  our  third  proportion  of  Affinities,  will  partake  of 
the  properties  of  earth  and  of  water;  and  this  combination 
principally  forms  what  is  called  a  Saline  Subftance.  Conse- 
quently every  Saline  Subftance  muft  have  an  affinity  with  earth 
and  with  water,  and  be  capable  of  uniting  with  both  or  either 
of  them,  whether  they  be  feparate  or  mixed  together:  and  ac- 
cordingly this  property  characterizes  all  Salts,  or  Saline  Sub- 
ftances, in  general. 

Water  being  volatile  and  Earth  fixed,  Salts  in  general  are 
lefs  volatile  than  the  former,  and  lefs  fixed  than  the  latter  \ 
that  is,  fire,  which  cannot  volatilize  and  carry  off  pure  earthy 
is  capable  of  rarefying  and  volatilizing  a  Saline  Subftance  5 
but  then  this  requires  a  greater  degree  of  heat  than  is  necef- 
fary  for  producing  the  fame  effe&s  on  pure  water. 

There  are  feveral  forts  of  Salts,  differing  from  one  ano- 
ther, in  refpetl:  either  of  the  quantity,  or  the  quality  of  the 
earth  in  their  compofition ;  or,  laftly,  they  differ  on  account 
of  fome  additional  principles,  which  not  being  combined 
with  them  in  fufficient  quantity  to  hinder  their  Saline  pro- 
perties from  appearing,  permit  them  to  retain  the  name  of 
Salts,  though  they  render  them  very  different  from  the  fim- 
pled  Saline  Subftances. 

It  is  eafy  to  infer,  from  what  has  been  faid  of  Salts  in  ge- 
neral, that  fome  of  them  mufl  be  more,  fome  lefs,  fixed  or 
volatile  than  others,  and  fome  more,  fome  lefs,  difpofed  to 
unite  with  water,  with  earth,  or  with  particular  forts  of 
earth,  according  to  the  nature  or  the  proportion  of  their 
principles. 

Before  we  proceed  further,  it  is  proper  juft  to.  mention 
the  principle  reafons,  which  induce  us  to  think  that  every 

B  2  Saline 
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Saline  Subftance  is  actually  a  combination  of  earth  and  wa- 
ter, as  we  fuppofed  at  our  entering  on  this  fubje£t.  The  firft 
is,  the  conformity  Salts  have  with  earth  and  water,  or  the 
properties  they  pofTefs  in  common  with  both.  Of  thefe  pro- 
perties we  fhall  treat  fully,  as  occafion  offers  to  confider 
them,  in  examining  the  feveral  forts  of  Salts.  The  fecond 
is,  that  all  Salts  may  be  actually  refolved  into  earth  and  wa- 
ter by  fundry  proceffes  5  particularly  by  repeated  diiTolution 
in  water,  evaporation,  deficcaticn,  and  calcination.  Indeed 
the  Chymifts  have  not  yet  been  able  to  procure  a  Saline 
Subftance,  by  combining  earth  and  water  together.  This 
favours  a  fufpicion,  that,  befides  thefe  two,  there  is  fome 
other  principle  in  the  composition  of  falts,  which  efcapes  ou,r 
refearches^  becaufe  we  cannot  preferve  it  when  we  decom- 
pofe  them  ;  but  it  is  fufficient  to  our  purpofe,  that  water  and 
earth  are  demonftrably  amongft  the  real  principles  of  Saline 
Subitances,  and  that  no  experiment  hath  ever  (hewn  us  any 
other* 

SECTION    I, 

Of    Acids. 

Of  all  Saline  Subftances,  the  fimpleft  is  that  called  aa 
Jcid,  on  account  of  its  taftej  which  is  like  that  of  verjuice, 
forrel,  vinegar,  and  other  four  things,  which,  for  the  fame 
reafon,  are  alfo  called  Acids.  By  this  peculiar  tafte  are 
Acids  chiefly  known.  They  have  moreover  the  property  of 
turning  all  the  blue  and  violet  colours  of  vegetables  red, 
which  diftinguifhes  them  from  all  other  falts. 

The  form,  under  which  Acids  moffc  commonly  appear,  is 
that  of  a  tranfparent  liquor ;  though  folidity  is  rather  their 
natural  (late.  This  is  owing  to  their  affinity  with  water  ; 
which  is  fo  great,  that,  when  they  contain  but  juft  as  much 
of  it  as  is  neceffary  to  conftitute  them  Salts,  and  confequent- 
ly  have  a  folid  form,  they  rapidly  unite  therewith  the  mo- 
ment they  come  into  contact  with  it :  and  as  the  air  is  al- 
ways loaded  with  moifture  and  aqueous  vapours,  its  contact 
alone  is  fufficient  to  liquify  them  j  becaufe  they  unite  with 
its  humidity,  imbibe  it  greedily,  and  by  that  means  become 
fluid.  We  therefore  fay,  they  attract  the  moifture  of  the 
air.  This  change  of  a  fait  from  a  folid  to  a  fluid  ftate,  by 
the  fole  contact:  of  the  air,  is  alfo  called  Deliquium  ;  fo  that 
when  a  fait  changes  in  this  manner  from  a  folid  into  a  fluid 
form,  it  is  faid  to  run ' $er  deliauhm*     Acids  being  the  fim- 
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pleft  fpecies  of  Saline  bodies,  their  affinities  with  different 
fubftances  are  ftronger  than  thofe  of  any  other  fort  of  fait 
with  the  fame  fubftances  ;  which  is  agreeable  to  our  fourth 
proportion  concerning  Affinities. 

*  Acids  in  general  have  a  great  affinity  with  earths  :  that 
with  which  they  moft  readily  unite  is  the  unvitrifiable  earth' 
to  which  we  gave  the- name  of  abforbent  earth.  They  feem, 
not  to  a£r.  at  all  upon  verifiable  earths,  fuch  as  fand  ;  nor 
yet  upon  fome  other  kinds  of  earths,  at  leaft  while  they  are 
in  their  natural  ftate.  Yet  the  nature  of  thefe  earths  may 
be  in  fome  meafure  changed,  by  making  them  red-hot  in  the 
fire,  and  then  quenching  them  fuddenly  in  cold  water:  for, 
by  repeating  this  often,  they  are  brought  nearer  to  the  nature 
of  abforbent  earths,  and  rendered  capable  of  uniting  with 
Acids. 

When  an  acid,  liquor  is  mixed  with  an  abforbent  earth,  for 
inftance  with  chalk,  thefe  two  fubftances  inftantly  rum  into 
union,  with  fo  much  impetuofity,  efpecially  if  the  acid  li- 
quor be  as  much  dephlegmated,  or  contain  as  little  water,  as. 
may  be,  that  a  great  ebullition  is  immediately  produced,  at- 
tended with  confiderable  hilling,  heat,  and  yapours3  which 
rife  the  very  jnftant  of  their  conjunction. 

From  the  combination  of  an  acid  with  an  abforbent  earth 
there  arifes  a  new  compound,  which  fome  Chymifts  have 
called  Sal  Salfum ;  becaufe  the  Acid  by  uniting  with  the 
earth  lofes  its  four  tafte,  and  acquires  another  not  unlike  that 
of  the  common  fea-falt  ufed  in  our  kitchens  %  yet  varying  ac^ 
cording  to  the  different  forts  of  Acids  and  earths  combined 
together.  The  Acid  at  the  fame  time  lofes  its  property  of 
turning  vegetable  blues  and  violet  colours  red. 

If  we  inquire  v/hat  is  become  of  its  propensity  to  unite 
'with  water,  we  fhall  find  that  the  earth,  which  of  itfelf  is 
not  foluble  in  water,  hath,  by  its  union  with  the  Acid,  acquir- 
ed a  facility  of  d[i#blving  therein ;  fo  that  our  Sal  Salfum  is 
foluble  in  water.  But,  on  the  other  hand,  the  Acid  hath, 
by  its  union  with  the  earth,  loft  part  of  the  affinity  it  had 
with  water;  fo  that  if  a  Sal  Salfum  be  dried,  and  freed  of 
all  fuperfmous  humidity,  it  will  remain,  in  that  dry  folid  form* 
inflead  of  attracting  the  moifture  of  the  air,  and  running  per 
deliquiimiy  as  the  Acid  would  dor  if  it  were  pure  and  unmix- 
ed with  earth.  However,  this  general  rule  admits  of  fome: 
exceptions ;  and  we  fhall  have  occafion  in  another  place  tc> 
take  notice  of  certain  combinations  of  Acids  with  earths, 
which  ftill  continue  to  attract  the  moifture  of  the  air,  though 
not  fo  ftrongly  as  a  pure  Acid. 

A  C  1 1> '• 
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Acids  have  likewife  a  great  affinity  with  the  Phlogifton, 
When  we  come  to  treat  of  each  Acid  in  particular,  we  mall 
examine  the  combinations  of  each  with  the  Phlogifton :  they 
differ  fo  widely  from  one  another,  and  many  of  them  are  fo 
Itittle  known>  that  we  cannot  at  prefer  give  any  genera]  idea 
of  them. 

SECTION    II. 
Qf  Alkalis. 

Alkalis  are  Saline  combinations,  in  which  there  is  a 
greater  proportion  of  earth  than  jn  Acids.  The  principal 
arguments  that  may  be  adduced  to  prove  this  fa£t  are  thefe  ; 
Firft ;  if  they  be  treated  in  the  manner  propofed  above  for 
analysing  Saline  Subftances,  we  obtain  from  them  a  much 
greater  quantity  of  earth  than  we  do  from  Acids.  Secondly ; 
by  combining  certain  Acids  with  certain  earths  we  can  pro- 
duce Alkalis;  or  at  lead  fuch  faline  compounds  as  greatly 
referable  them.  Our  third  and  lafl  argument  is  drawn  from 
the  properties  of  thofe  Alkalis  which,  when  pure  and  una- 
dulterated with  any  other  principle,  have  lefs  affinity  with 
water  than  Acids  have,  and  are  alfo  more  fixed,  refilling  the 
utmoft  force  of  fire.  On  this  account  it  is  that  they  have 
obtained  the  title  of  Fixedy  as  well  as  to  diftinguifti  them 
from  another  fpecies  of  Alkali,  to  be  confidered  hereafter, 
which  is  impure  and  volatile. 

Though  fixed  Alkalis,  when  dry,  fuftain  the  utmoft  vio- 
lence of  fire  without  flying  off  in  vapours,  it  is  remarkable 
that,  being  boiled  with  water  in  an  open  veflel,  confiderable 
quantities  of  them  rife  with  the  (team  :  an  effecl  which  muft 
be  attributed  to  the  great  affinity  between  thefe  two  fubftan- 
ces,  by  means  whereof  water  communicates  fome  part  of  its 
volatility  to  the  fixed  fait. 

Alkalis  freed  of  their  fuperfluous  humidity  by  calcination 
attract  the  moifture  of  the  air,  but  not  fo  ftrongly  as  Acids: 
fo  that  it  is  eafier  to  'procure  and  preferve  them  in  a  folid 
form. 

They  flow  in  the  fire,  and  are  then  capable  of  uniting  with 
vitrifiable  earths,  and  of  forming  therewith  true  glafs,  which, 
however,  will  partake  of  their  properties,  if  they  be  ufed  in 
fufficient  quantity. 

As  they  melt  more  readily  than  vitrifiable  earth,  they  fa- 
cilitate its  fufion  5  fo  that  a  weaker  fire  will  reduce  it  to  glaft, 

wheu 
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"when  a  fixed  Alkali  is  joined  with  it,  than  will  melt  it  with* 
out  that  addition. 

Alkalis  are  known  by  their  tafte,  which  is  acrid  and  fiery; 
and  by  the  properties  they  pofifefs  of  turning  vegetable  blues 
and  violet  colours  green  •,  particularly  fyrop  of  violets. 

Their  affinity  with  acids  is  greater  than  that  of  abforbent 
earths ;  and  hence  it  comes  to  pafs,  that  if  an  Alkali  be  pre- 
fented  to  a  combination  of  an  Acid  with  an  abforbent  earth, 
the  earth  will  be  feparated  from  the  Acid  by  the  Alkali,  and 
a  new  union  between  the  Acid  and  the  Alkali  will  take  place. 
This  is  both  an  inftanee  and  a  proof  of  our  fifth  proportion 
concerning  Affinities. 

If  a  pure  Alkali  be  prefented  to  a  pure  Acid,  they  rufh 
together  with  violence,  and  produce  the  fame  phenomena  as 
were  obferved  in  the  union  of  an  abforbent  earth  with  art 
Acid ;  but  in  a  greater  and  more  remarkable  degree. 

Fixed  Alkalis  may  in  general  be  divided  into  two  forts  : 
one  of  thefe  hath  all  the  above-recited  properties ;  but  the 
other  poflefTes  fome  that  are  peculiar  to  itfelf.  We  fhall  coil- 
fider  this  latter  fort  more  particularly  under  the  head  of  Sea- 
Salt. 

SECTION     III. 

£f  Neutral   Salts. 

The  Acid  and  the  Alkali  thus  uniting  mutually  rob  ead; 
other  of  their  chara&eriftic  properties;  fo  that  the  compound 
refulting  from  their  union  produces  no  change  in  the  blu£- 
colours  of  vegetables,  and  has  a  tafte  which  is  neither  four 
iior  acrid,  but  faltifh.  A  faline  combination  of  this  kind  -k 
for  that  reafon  named  Sal  Sal/urn,  Sal  Medium-)  or  a  Neutral 
Salt,  Such  combinations  are  alfo  called  by  the  plain  general 
fiame  of  Salts. 

It  muft  be  obferved  that,  in  order  to  make  thefe  Salts  per^ 
feftly  Neutral,  it  is  neceflary  that  neither  of  the  two  falitte 
principles  of  which  they  are  compounded  be  predominant 
Over  the  other;  for  in  that  cafe  they  will  have  the  properties 
of  the  prevailing  principle.  The  reafon  is  this :  neither  of 
thefe  faline  fubftances  can  unite  with  the  other  but  in  a  li= 
mited  proportion,  beyond  which  there  can  be  no  further  co- 
alition between  them.  The  action  by  which  this  perfect 
union  is  accompliihed  is  termed  Saturation  ;  and  the  inftafii: 
When  fuch  proportions  of  the  two  faline  fubftances  are  mixed 
together,  that  the  one  is  incorporated  with  as  much  of  the 

other 


k6  ELEMENTS     of     the         Chap,  p 

other  as  it  can  poffibly  take  up,  is  called  the  Point  of  Satu- 
ration. All  this  is  equally  applicable  to  the  combination  of 
an  Acid  with  an  abforbent  earth. 

The  combination  is  known  to  be  perfect*  that  is,  the  Point 
of  Saturation  is  known  to  be  obtained,  when,  after  repeated 
arFufioils  of  an  Acid  in  fmall  quantities  to  an  Alkali,  or  an 
abforbent  earth,  WC  find  thofe  phenomena  ceafe,  which  in 
fuch  cafes  coriflantly  attend  the  conflict  of  union*  as  we  faid 
above,  namely,  ebullition,  hilling,  fact  and  we  may  be  af- 
fured  the  Saturation  is  complete  when  the  new  compound 
hath  neither  an  acid  eor  an  acrid  tafte,  nor  in  the  leaft  chan- 
ges the  blue  colours  of  vegetables. 

Neutral  falts  have  nor  fo  great  an  affinity  with  water  as  ei- 
ther Acids  or  Alkalis  have ;  beCaufe  they  are  more  com- 
pounded :  for  we  obferved  before,  that  the  affinities  of  the 
rooft  compounded  bodies  are  generally  weaker  than  thofe  of 
the  molt  fimple.  In  confeqUence  hereof  few  Neutral  Salts, 
when  dried,  attract  the  moifture  of  the  air ;  and  thofe  that 
do,  attract  it  more  ilowly,  and  in  leis  quantity,  than  either 
Acids  or  Alkalis  do. 

All  Neutral  Salts  are  foluble  in  Water ;  but  more  or  lefs 
readily*  and  in  a  greater  or  fmaller  quantity,  according  to 
the  nature  of  their  component  principles; 

Water  made  boiling  hot  diffblves  a  greater  quantity  of 
thofe  falts  which  do  not  attract  the  moifture  of  the  air,  than 
"when  it  is  cold ;  and  indeed  it  muft  be  boiling  hot  to  take 
lip  as  much  of  them  as  it  is  capable  of  diflblving :  but  as  for 
thofe  which  run  in  the  air*  the  difference*  if  there  be  any,  is 
imperceptible^ 

Some  Neutral  Salts  have  the  property  of  (hooting  into  cry- 
ftals, and  others  have  it  not. 

The  nature  of  Crystallization  is  this :  Water  cannot  dif- 
fblve,  nor  keep  in  folution*  more  than  a  determinate  quan- 
tity of  any  particular  Salt :  when  therefore  fuch  a  quantity 
of  water  is  evaporated  from  the  folution  of  a  Salt  capable  of 
cryftallization,  that  the  remainder  contains  juft  as  much  Salt 
as  it  can  diffolve*  then  by  continuing  the  evaporation  the 
Salt  gradually  recovers  its  folid  form,  and  concretes  into  fe- 
deral little  tranfparent  manes  called  Cryftals.  Thefe  cryftals 
have  regular  figures,  all  differing  from  one  another  according 
to  the  fpecies  of  fait  of  which  they  are  formed;  Different 
methods  of  evaporating  faline  folutions  have  different  effects 
on  the  figure  and  regularity  of  the  cryftals ;  and  each  parti- 
cular fort  of  fait  requires  a  peculiar  method  of  evaporation  to 
make  its  cryftals  perfe&ly  regular. 

Afolu- 


Sea.  i.    THEORY   of    CHYMISTRY.  17 

A  folution  of  fait  defigned  for  cryftallization  is  ufually 
evaporated  by  means  of  fire  to  a  pellicle;  that  is,  till  the 
Salt  begin  to  concrete;  which  is  perceived  by  a  kind  Of  thin 
dark  fkin  that  gathers  on  the  furface  of  the  liquor,  and  is 
formed  of  the  cryftallized  particles  of  Salt.  When  this  pel- 
licle appears  the  folution  is  fuffered  to  cool,  and  the  cryftals 
form  therein  fafter  or  flower*  according  to  the  fort  of  fait  in 
hand.  If  the  evaporation  be  carried  on  briikly  to  perfect 
drynefs,  no  cryftals  will  be  formed,  and  only  an  irregular 
mafs  of  fait  will  be  obtained. 

The  reafons  why  no  cryftals  appear  when  the  evaporation 
is  haftily  performed,  and  carried  on  to  drynefs,  are,  firft, 
that  the  particles  of  fait*  being  always  in  motion  while  the 
folution  is  hot,  have  not  time  to  exert  their  mutual  affinities, 
and  to  unite  together  as  cryftallization  requires :  Secondly, 
that  a  certain  quantity  of  water  enters  into  the  very  compe- 
tition of  cryftals ;  which  is  therefore  abfolutely  neceftary  to 
their  formation,  and  in  a  greater  or  imaller  proportion  ac- 
cording to  the  nature  of  the  Salt  *. 

If  thefe  cryftallized  falts  be  expofed  to  the  fire,  they  firft 
part  with  that  moifture  which  is  not  necejTary  to  a  faline  con- 
cretion, and  which  they  retained  only  by  means  of  their  cry- 
ftallization :  afterwards  they  begin  to  flow,  but  with  different 
degrees  of  fu Ability. 

It  muft  be  obferved,  that  certain  falts  melt  as  foon  as  they 
are  expofed  to  the  fire;  namely,  thofe  which  retain  a  great 
deal  of  water  in  cryftallizing.  But  this  fiuor  which  they  fo 
readily  acquire  muft  be  carefully  diftinguiflied  from  actual 
iuhori  :  for  it  is  owing  only  to  their  fuperfluous  humidity, 
which  heat  renders  capable  of  diflblving  and  liquifying  them  5 
fo  that  when  it  is  evaporated  the  Salt  ceafes  to  be  fluid,  and 
requires  a  much  greater  degree  of  tire  to  bring  it  into  real 
fuli  on. 

The  Neutral  Salts  that  do  not  cryftallize  may,  indeed,  be 
dried  by  evaporating  the  water  which  keeps  them  fluid ;  but 
by  becoming  folid  they  acquire  no  regular  form ;  they  again 
attract  the  moifture  of  the  air,  and  are  thereby  melted  into  a 
liquor.     Thefe  may  be  called  Liquefcent  Salts. 

Moft  of  the  Neutral  Salts,  that  confift  of  an  Acid  joined 
wich  a  fixed  Alkali,  or  with  an  abforbent  earth,  are  them- 


*  Thofe  who  have  the  curiofty  to  fee  a  more  particular  account  of  the 
Cryftailiy.ation  of  Neutral  Saks,  may  read  Mr.  Ronelle's  excellent  Memoir 
©n.  that  fubject,  p.mong  thofe  cf  the  Academy  of  Sciences-far  1744.. 
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felves  fixed  and  refill  the  force  of  fire;  yet  feveral  of  them, 
if  they  be  diflblved  in  water,  and  the  folution  boiled  and  eva- 
porated, fly  off  along  with  the  fleams. 


C    H    A    P.        IV. 

Of  the  feveral  Sorts  of  Saline  Sub/lances. 

SECTION     I. 

Of  the   Universal    Acid. 

THE  Univerfal  Acid  is  fo  called,  becaufe  it  is  in  fact 
the  Acid  which  is  mofl  univerfally  diffufed  through  all 
nature,  in  waters,  in  the  atmofphere,  and  in  the  bowels  of 
the  earth.  But  it  is  feldom  pure  5  being  almoft  always  com- 
bined with  fome  other  fubftance.  That  from  which  we  ob- 
tain it  with  moft  eafe,  and  in  the  greateft  quantity,  is  Vitriol, 
a  mineral  which  we  fhall  confider  afterwards  :  and  this  is  the 
reafon  why  it  is  called  the  Vitriolic  Acid;  the  name  by  which 
it  is  belt  known. 

"When  the  Vitriolic  Acid  contains  but  little  phlegm,  yet 
enough  to  give  it  a  fluid  form,  it  is  called  Oil  of  Vitriol^  on 
account  of  a  certain  unctuofity  belonging  to  it.  In  truth  this 
name  is  very  improperly  bellowed  on  it  5  for  we  fhall  after- 
wards fee  that,  bating  this  un£luoufnefs,  it  has  none  o*f  the 
properties  of  oils.  But  this  is  not  the  only  impropriety  in 
names  that  we  fhall  have  occafion  to  cenfure. 

If  the  Vitriolic  Acid  contain  much  water,  it  is  then  cal- 
led Spirit  of  Vitriol.  When  it  does  not  contain  enough  to 
render  it  fluid,  and  fo  is  in  a  folid  form,  it  is  named  the  Icy 
Oil  of  Vitriol 

When  Oil  of  Vitriol  highly  concentrated  is  mixed  with 
water,  they  rufh  into  union  with  fuch  impetuofity,  that,  the 
moment  they  touch  each  other,  there  arifes  a  hiffing  noife, 
like  that  of  red-hot  iron  plunged  in  cold  water,  together  with 
a  very  confiderable  degree  of  heat,  proportioned  to  the  de- 
gree to  which  the  Acid  was  concentrated. 

If,  inftead  of  mixing  this  concentrated  Acid  with  water, 
you  only  leave  it  expofed  to  the  air  for  fome  time,  it  attracls 
the  moifture  thereof,  and  imbibes  it  moil  greedily.  Both  its 
bulk  and  its  weight  are  increafed  by  this  acceffion  ^  and  if  it 

be 
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be  under  an  icy  form,  that  is,  if  it  be  concreted,  the  phlegm 
thus  acquired  will  foon  refolve  it  into  a  fluid. 

The  addition  of  water  renders  the  Vitriolic  Acid,  and  in- 
deed all  other  Acids,  weaker  in  one  fenfe ;  which  is,  that 
when  they  are  very  aqueous  they  leave  on  the  tongue  a  much 
fainter  tafte  of  acidity,  and  are  lefs  active  in  the  folution  of 
fome  particular  bodies  :  but  that  occafions  no  change  in  the 
ftrength  of  their  affinities,  but  in  fome  cafes  rather  enables 
them  to  diflblve  feveral  fubftances,  which,  when  well  de- 
phlegm  ated,  they  are  not  capable  of  attacking. 

The  Vitriolic  Acid  combined  to  the  point  of  faturation 
with  a  particular  abforbent  earth,  the  nature  of  which  is  not 
yet  well  known,  forms  a  Neutral  Salt  that  cryftallizes.  This 
Salt  is  called  Alum,  and  the  figure  of  its  cryftals  is  that  of 
an  octahedron,  or  folid  of  eight  fides.  Thefe  oclahedra  are 
triangular  pyramids,  the  angles  of  which  are  fo  cut  off  that 
four  of  the  furfaces  are  hexagons,  and  the  other  four  tri- 
angles. 

There  are  feveral  forts  of  Alum,  which  differ  according  to 
the  earths  combined  with  the  Vitriolic  Acid.  Alum  diflblves 
eafily  in  water,  and  in  cryftallization  retains  a  considerable 
quantity  of  it ;  which  is  the  reafon  that  being  expofed  to  the 
fire  it  readily  melts,  fwelling  and  puffing  up  as  its  fuperflu- 
ous  moiflure  exhales.  When  that  is  quite  evaporated,  the 
remainder  is  called  Burnt  Alum,  and  is  very  difficult  to  fufe. 
The  Acid  of  the  Alum  is  partly  diffipated  by  this  calcina- 
tion. Its  tafte  is  faltifh,  with  a  degree  of  roughnefs  and  a- 
ftringency. 

The  Vitriolic  Acid  combined  with  certain  earths  forms  a 
kind  of  Neutral  Salt  called  Selenites,  which  cryftaliizes  in 
different  forms  according  to  the  nature  of  its  earth.  There 
are  numberlefs  fprings  of  water  infected  with  diflblved  Sele- 
nites  j  but  when  this  Salt  is  once  cryflallized,  it  is  exceeding 
difficult  to  diflblve  it  in  water  a  fecond  time.  For  that  pur- 
pofe  a  very  great  quantity  of  water  is  neceflary,  and  more- 
over it  mult  boil;  for  as  it  cools  mofi  of  the  diflblved  Sele- 
nites  takes  a  folid  form,  and  falls  in  a  powder  to  the  bottom 
of  the  veffel. 

If  an  Alkali  be  prefented  to  the  Selenites,  or  to  Alum, 
thefe  Salts,  according  to  the  principles  we  have  laid  down, 
will  be  thereby  decompofed;  that  if,,  the  Acid  will  quit  the 
earths,  and  join  the  Alkali,  with  which  it  hath  a  greater  af- 
finity. And  from  this  conjunction  of  the  Vitriolic  Acid  with 
a  fixed  Alkali  there  refults  another  fort  of  Neutral  Salt,  which 
is  called  Arcanum  duplicatum,  Sal  de  duobus9  and  Vitriolat- 
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ed  Tartar,  becaufe  one  of  the  fixed  Alkalis  mod  in  ufe  is 
called  Salt  of  Tartar. 

Vitriolated  Tartar  is  almoft  as  hard  to  diiTolve  in  water  as 
the  Selenites.  It  {hoots  into  eight-fided  cryftals,  having  the 
apices  of  the  pyramids  pretty  obtufe.  Its  tafte  is  faltifh,  in- 
clining to  bitter:  and  it  decrepitates  on  burning  coals.  It 
requires  a  very  great  degree  of  fire  to  make  it  flow. 

The  Vitriolic  Acid  is  capable  of  uniting  with  the  Phlogi- 
fton,  or  rather  it  has  a  greater  affinity  with  it  than  with  any 
Other  body :  whence  it  follows,  that  all  compounds,  of  which 
it  makes  a  part,  may  be  decomposed  by  means  of  the  Phlo- 
gifion. 

From  the  conjunction  of  the  Vitriolic  Acid  with  the  Phlo- 
gifton  arifes  a  compound  called  Mineral  Sulphur,  becaufe  it 
is  found  perfectly  formed  in  the  bowels  of  the  earth.  It  is 
alfo  called  Sulphur  vivum,  or  (imply  Sulphur. 

Sulphur  is  abfolutely  infoluble  in  water,  and  incapable  of 
contracting  any  fort  of  union  with  it.  It  melts  with  a  very 
moderate  degree  of  heat,  and  fublimes  in  fine  light  downy- 
tufts  called  Floivers  of  Sulphur.  By  being  thus  fublimed,  it 
fuffers  no  decomposition,  let  the  operation  be  repeated  ever  fo 
often;  fo  that  Sublimed  Sulphur,  or  Flower  of  Sulphur,  hath 
exactly  the  fame  properties  as  Sulphur  that  has  never  been 
fublimed. 

If  Sulphur  be  expofed  to  a  brifk  heat  in  the  open  air,  it 
takes  fire,  burns,  and  is  wholly  confumed.  This  deflagra- 
tion of  Sulphur  is  the  only  means  we  have  of  decomposing 
It,  in  order  to  obtain  its  Acid  in  purity.  The  Phlogifton  is 
deftroyed  by  the  flame,  and  the  Acid  exhales  in  vapours  : 
thefe  yapours  collected  have  all  the  properties  of  the  Vitriolic 
Acid,  and  differ  from  it  only  as  they  ftill  retain  fome  portion 
of  the  Phlogifton  ;  which,  however,  foon  quits  them  of  its' 
own  accord,  if  the  free  accefs  of  the  common  air  be  jiot  pre- 
cluded. 

The  portion  of  Phlogiflon  retained  by  the  Acid  of  Sulphur 
Is  much  more  confiderable  when  that  mineral  is  burnt  gra- 
dually and  flowly :  in  that  cafe  the  vapours  which  rife  from 
it  have  fuch  a  penetrating  odour,  that  they  inftantaneoufly 
fuffocate  any  perfon  who  draws  in  a  certain  quantity  of  them 
with  his  breath.  Thefe  vapours  conftitute  what  is  called  the 
Volatile  Sprit  of  Sulphur.  There  is  reafon  to  think  this  por- 
tion of  Phlogiiton  which  the  Acid  retains  is  combined  there- 
with in  a  manner  different  from  that  in  which  thefe  two  are 
united  in  the  Sulphur  itfelf ;  for,  as  has  juft  been  obferved, 
nothing  but  a£fcual  burning  is  capable  of  feparating  the  Vi- 
triolic 
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triolic  Acid  and  the  Phlogifton,  which  by  their  union  form 
Sulphur;  whereas  in  the  Volatile  Spirit  cf  Sulphur  they  fe- 
parate  fpontaneoufly  when  expofed  to  the  open  air  ;  that  is, 
the  Phiogifton  fiies  off  and  leaves  the  Acid,  which  then  be- 
comes in  every  refpe£t  fimilar  to  the  Vitriolic  Acid. 

That  the  Volatile  Spirit  of  Sulphur  is  a  compound,  as  we 
have  averted  it  to  be,  appears  evidently  from  hence,  that 
whenever  the  Vitriolic  Acid  touches  any  fubftance  containing 
the  Phlogiflon,  provided  that  Phlogifton  be  difengaged  or 
opened  to  a  certain  degree,  a  Volatile  Spirit  of  Sulphur  is 
infallibly  and  immediately  generated.  This  Spirit  hath  all 
the  properties  of  Acids,  but  confiderably  weakened,  and  of 
courie  lefs  perceptible.  It  unites  with  abforbent  earths  or 
fixed  Alkalis;  and  with  them  forms  Neutral  Salts;  but  when 
combined  therewith  it  may  be  feparated  from  them  by  the 
Vitriolic  Acid,  and  indeed  by  any  of  the  mineral  Acids,  be- 
caufe  its  affinities  are  weaker.  Sulphur  hath  the  property  of 
uniting  with  abforbent  earths,  but  not  near  fo  intimately  as 
with  fixed  Alkalis. 

If  equal  parts  of  Sulphur  and  an  Alkali  be  melted  toge- 
ther, they  incorporate  with  each  other  ;  and  from  their  con- 
junction proceeds  a  compound  of  a  mod  unpleafant  fmell, 
much  like  that  of  rotten  eggs,  and  of  a  red  colour  nearly 
refembling  that  of  an  animal  liver,  which  has  occafioned 
it  to  bear  the  name  of  Hepar  Sulphiris,  or  Liver  cf  Sul- 
phur. 

In  this  compofition  the  fixed  Alkali  communicates  to  the 
Sulphur  the  property  of  difTolving  in  water:  and  hence  it 
comes  that  Liver  of  Sulphur  may  be  made  as  well  when  the 
Alkali  is  diiTolved  by  water  into  a  fluid,  as  when  it  is  fufed 
by  the  action  of  fire. 

Sulphur  has  lefs  affinity  than  any  Acid  with  the  fixed  Al- 
kalis :  and  therefore  Liver  of  Sulphur  may  be  decompounds 
ed  by  any  Acid  whatever  ;  which  will  unite  with  the  fixed 
Alkali,  form  therewith  a  Neutral  Salt,  and  feparate  the  Sulr 
phur. 

If  Liver  of  Sulphur  be  diffolved  in  water,  and  an  Acid 
poured  thereon,  the  liquor,  which  was  transparent  before, 
inftanrly  turns  to  an  opaque  white ;  becaufe  the  Sulphur, 
being  forced  to  quit  its  union  with  the  Alkali,  lofes  at  the 
fame  time  the  property  of  difTolving  in  water,  and  appears 
again  in  its  own  opaque  form.  The  liquor  thus  made  white 
by  the  Sulphur  is  called  Milk  of  Sulphur. 

If  this  liquor  be  fufrered  to  fbnd  Hill  for  fome  time,  the 
particles  of  Sulphur,  i)Ow  moft  minutely  divided,  gradually 
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approach  each  other,  unite,  and  fall  infenfibly  to  the  bottom 
of  the  veflel ;  and  then  the  liquor  recovers  its  tranfparency. 
The  Sulphur  thus  depofited  on  the  bottom  of  the  veflel  is 
called  the  Magijlery  or  Precipitate  of  Sulphur.  The  names 
of  Magiflery  and  Precipitate  are  alfo.  given  to  all  fubftances 
whatever,  that  are  feparated  from  another  by  this  method  ; 
which  is  the  reafon  that  we  ufe  the  exprefiion  of  precipitat- 
ing one  fubftance  by  another,  to  fignify  the  feparating  one  of 
them  by  means  of  the  other. 

SECTION    II. 

Of    the    Nitrous    Acid. 

It  is  not  certainly  known  what  conftitutes  the  difference 
between  the  Nitrous  Acid  and  the  Vitriolic  Acid,  with  re- 
gard to  the  conftituent  principles  of  each.  The  moft  pro- 
bable opinion  is,  that  the  Nitrous  Acid  is  no  other  than  the 
Vitriolic  Acid  combined  with  a  certain  quantity  of  Phlogi- 
fton  by  the  means  of  putrefaction.  If  it  be  fo,  the  Phlogi- 
fton  mult  be  united  with  the  Univerfal  Acid  in  another  man- 
ner than  it  is  in  fulphur,  and  in  its  volatile  fpirit:  for  the 
Nitrous  Acid  differs  from  them  both  in  its  properties.  What 
gives  ground  for  this  opinion  is,  that  the  Nitrous  Acid  is 
never  found  but  in  earths  and  ftones  which  have  been  im- 
pregnated with  matters  fubjecl:  to  putrefaction,  and  which 
therefore  muft  contain  the  Phlogiflon.  For  it  is  neceflary 
juft  to  obferve.here,  though  it  be  not  yet  proper  to  enter  par- 
ticularly into  the  fubjecl,  that  all  fubftances  fufceptible  of 
putrefaction  really  contain  the  Phlogifton. 

The  Nitrous  Acid  combined  with  certain  abforbent  earths, 
fuch  : as.  chalk,  marie,  boles,  forms  Neutral  Salts  which  do 
not  cryftallize;  and  which,  after  being  dried,  run  in  the 
air  per  deliqumm. 

All  thofe  Neutral. Salts  which  con fi ft  of  the  Nitrous  Acid 
joined  to  an  earth,  may  be  decompofed  by  a  fixed  Alkali, 
xvith  which  the  Acid  unites,  and  deferts  the  earth  ;  and 
from  this  union  of  the  Nitrous  Acid  with  a  fixed  Alkali  re- 
fults  a  new  Neutral  Salt  which  is  called  Nitre,  or  Salt-peter \ 
This  latter  name  fignifies  the  Salt  of  Stone ;  and,  in  fact, 
Nitre  is  extracted  from  the  ftones  and  plafter,  in  which  it 
forms,  by  boiling  them  in  water  faturated  with  a  fixed  Al- 
kali. 

Nitre  {hoots  in  long  cryftals  adhering  fideways  to  each  o- 
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ther ;  it  has  a  faltifh  tafte,  which  produces  a  fenfation  of 
cold  on  the  tongue. 

This  Salt  eafily  diflblves  in  water ;  which,  when  boiling 
hot,  takes  up  ftill  a  greater  quantity  thereof. 

It  flows  with  a  pretty  moderate  degree  of  heat,  and  con- 
tinues fixed  therein  ;  but  being  urged  by  a  brifk  fire,  and  in 
the  open  air,  it  lets  go  fome  part  of  its  Acid,  and  indeed 
files  off  itfelf  in  part. 

The  moft  remarkable  property  of  Nitre,  and  that  which 
characterizes  it,  is  its  fulmination  or  explofion;  the  nature 
of  which  is  as  follows  : 

When  Nitre  touches  any  fubflance  containing  a  Phlogi- 
flon, and  actually  ignited,  that  is,  actually  on  fire,  it  burfls 
out  into  a  flame,  burns,  and  is  decompounded  with  much 
noife. 

In  this  deflagration  the  Acid  is  diffipated,  and  totally  fe- 
parated  from  the  Alkali,  which  now  remains  by  itfelf. 

Indeed  the  Acid,  at  leaft  the  greateft  part  of  it,  is  by  this 
means  quite  deflroyed.  The  Alkali  which  is  left  when  Ni- 
tre is  decompounded  by  deflagration,  is  called  in  general 
Fixed  Nitre,  and,  more  particularly,  Nitre  fixed  by  fuch 
and  fuch  a  fubflance  as  was  ufed  in  the  operation.  But  if 
Nitre  be  deflagrated  with  an  inflammable  fubflance  containing 
the  vitriolic  Acid,  as  fulphur,  for  inflance,  the  fixed  Sale 
produced  by  the  deflagration  is  not  a  pure  Alkali,  but  re- 
tains a  good  deal  of  the  vitriolic  Acid,  and,  by  combining 
therewith,  hath  now  formed  a  neutral  Salt. 

Hitherto  Chymifts  have  been  at  a  lofs  for  the  reafon  why- 
Nitre  flames,  and  is  decompounded  in  the  manner  above- 
mentioned,  when  it  comes  in  contact  with  a  Phlogiflon  pro- 
perly circumftanced.  For  my  part,  I  conjecture  it  to  be  for 
the  fame  reafon  that  vitriolated  tartar  is  alfo  decompounded 
by  the  addition  of  a  Phlogiflon  ;  viz.  the  Nitrous  Acid, 
having  a  greater  affinity  with  the  Phlogiflon  than  with  the  fix- 
ed Alkali,  naturally  quits  the  latter  to  join  with  the  former, 
and  fo  produces  a  kind  of  fulphur,  differing  probably  from 
the  common  fulphur,  formed  by  the  vitriolic  Acid,  in  that 
it  is  combuflible  to  fuch  a  degree,  as  to  take  fire  and  be  con- 
fumed  in  the  very  moment  of  its  production  ;  fo  that  it  is 
impoflible  to  prevent  its  being  thus  deflroyed,  and  confe- 
quently  impoflible  to  fave  it.  In  fupport  of  this  opinion  lee 
it  be  confidered,  that  the  concurrence  of  the  Phlogiflon  is 
abfolutely  necefTary  to  produce  this  deflagration,  and  that  the 
matter  of  pure  fire  is  altogether  incapable  of  efrec~ling  it :  for 
though  Nitre  be  expofed  to  the  nfloft  violent  degree  of  fire, 
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even  thai  in  the  focus  of  the  mod  powerful  burning-glafs,  it 
will  not  flame;  nor  will  that  effect  ever  happen  till  the  Nitre 
be  brought  into  contact  with  a  Phlogifton  properly  fo  called, 
that  is,  the  matter  of  fire  exifting  as  a  principle  of  «fome  bo- 
dy; aad  it  is^  moreover  neceffary  that  this  Phlogifton  be  ac- 
tually on  fire,  and  agitated  with  the  igneous  motion,  or  elfe 
that  trie  Nitre  itfelf  be  red  hot,  and  fo  penetrated  with  fire 
as  to  kia<31e  any  inflammable  matter  that  touches  it. 

This  experiment,  among  others,  helps  to  ihew  the  diftinc- 
tion  that  ought  to  be  made  between  pure  elementary  fire, 
and  fire  become  a  principle  of  bodies,  to  which  we  have  gi- 
ven the  name  of  Phlogifton. 

Before  we  leave  this  fubjeel:,  we  (hall  obferve,  that  Nitre 
deflagrates  only  with  fuch  fubftances  as  contain  the  Phlogi- 
fton in  its  fimpleft  and  pureft  form;  fuch  as  charcoal,  ful« 
phur,  and  the  metalline  fubftances;  and  that,  though  it  will 
not  deflagrate  without  the  addition  of  fome  combuftible  mat- 
ter, it  is  neverthelefs  the  only  known  body  that  will  burn, 
and  make  other  combuftibles  burn  with  it,  in  clofe  veffels, 
without  the  admiffion  of  frefh  air. 

The  Nitrous  Acid  hath  not  fo  great  an  affinity  with  earths 
and  Alkalis  as  the  vitriolic  Acid  hath  with  the  fame  fub- 
ftancos ;  whence  it  follows  that  the  vitriolic  Acid  decompo- 
fes  all  neutral  falts  arifing  from  a  combination  of  the  Nitrous 
Acid  with  an  earth  or  an  Alkali.  The  vitriolic  Acids  ex- 
pells  the  Nitrous  Acid,  unites  with  the  fubftance  which 
ferved  it  for  a  bafis,  and  therewith  forms  a  neutral  fait,  which 
is  an  Alum,  a  Selenites,  or  a  vitriolated  Tartar,  according 
to  the  nature  of  that  bafis. 

The  Nitrous  Acid,  when  thus' feparated  from  its  bafis  by 
the  vitriolic  Acid,  is  named  Spirit  of  Nitre,  or  Aqua  Fortis. 
If  it  be  dephlegmated,  or  contain  but  little  fuperfluous  wa- 
ter, it  exhales  in  reddifh  vapours ;  thefe  vapours,  being  con- 
denfed  and  collected,  form  a  liquor  of  a  brownifh  yellow, 
that  inceifantly  emits  vapours  of  the  fame  colour,  and  of  a 
pungent  difagreeable  fmell.  Thefe  characters  have  procured 
it  the  names  of  Smoaking  Spirit  of  Nitre,  and  Tcllow  Aqua 
Fcrtis.  This  property  in  the  Nitrous  Acid,  of  exhaling  in 
vapours,  fhews  it  to  be  lefs  fixed  than  the  vitriolic  Acid  ;  for 
the  latter,  though  ever  fo  thoroughly  dephlegmated,  never 
yields  any  vapours,  nor  has  it  any  fmell. 


SECTION 
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SECTION    III. 
Of   the    Acid    of    Sea-Salt. 

The  Acid  of  Sea-falt  is  fo  called  becaufe  it  is  in  fact  ob- 
tained from  fuch  Sea-falt  as  is  ufed  in  our  kitchens.  It  is 
not  certainly  known  in  what  this  Acid  differs  from  the  vitri- 
olic and  the  nitrous,  with  regard  to  its  conftituent  parts.  Se- 
veral of  the  ableft  Chymifts,  fuch  as  Becher  and  Stahl,  are 
of  opinion  that  the  Marine  Acid  is  no  other  than  the  Uni- 
vcrfal  Acid  united  to  a  particular  principle  which  they  call  a 
Mercurial  Earch.  Concerning  this  earth  we  fhali  have  occa- 
sion to  fay  more,  when  we  come  to  treat  of  metallic  fubftan- 
ces :  but  in  the  mean  time  it  muft  be  owned,  th.it  the  truth 
of  this  opinion  is  fo  far  from  being  proved  by  a  fufficient 
number  of  experiments,  that  the  very  exifrence  of  fuch  a 
mercurial  earth  is  not  yet  weli  efiablilhed  ;  and  therefore, 
that  we  may  not  exeeed  the  bounds  of  our  knowledge,  we 
fhall  content  ourfelves  with  delivering  here  the  properties 
which  characterize  the  Acid  in  queftion,  and  by  which-  it  is 
diliinguiihed  from  the  two  others  confidered  above. 

When  it  is  combined  with  abforbent  earths,  fuch  as  lime 
and  chalk,  it  forms  a  neutral  fait  that  does  not  cryftallize, 
and,  when  dried,  attracts  the  moifture  of  the  air.  If  the 
abforbent  earth  be  not  fully  faturated  with  the  Marine  Acid, 
the  fait  thereby  formed  has  the  properties  of  a  fixed  Alkali:' 
and  this  is  what  made  us  fay,  when  we  were  on  the  fubjeel: 
of  thofe  falts,  that  they  might  be  imitated  by  combining  an 
earth  with  an  Acid.  The  Marine  Acid,  like  the  reft,  hath 
not  fo  great  an  affinity  with  earths  as  with  fixed  Alkalis. 

When  it  is  combined  with  the  latter,  it  forms  a  neutral 
fait  which  fhoots  into  cubical  cryftals.  This  fait  is  inclined 
to  grow  moift  in  the  air,  and  is  confequently  one  of  thofe 
which  water  diflblves  in  equal  quantities,  at  lead  as  to  fenfe, 
whether  it  be  boiling  hot  or  quite  cold. 

The  affinity  of  this  Acid  with  Alkalis  and  abforbent 
Earths  is  not  fo  great  as  that  of  the  vitriolic  and  nitrous  A- 
cids  with  the  fame  fubflances :  whence  it  follows,  that,  when 
combined  therewith,  it  may  be  feparated  from  them  by  ei- 
ther of  thofe  Acids. 

The  Acid  of  Sea-falt,  thus  difengaged  from  the  fubftance- 
which  ferved  it  for  a  bafis,  is  called  Spirit  of  Salt.  When 
it  contains  but  little  phlegm  it  is  of  a  lemon  colour,  and 
continually  emits  many  white,  very  denfe,   and  very  elaftic 
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vapours;  on  which  account  it  is  named  the  Smoaking  Spirit 
of  Salt.  Its  fmell  is  not  difagreeable,  nor  much  unlike  that 
of  faffron  ;  but  extremely  quick  and  fuffocating  when  it 
fmokes. 

The  Acid  of  Sea-falt,  like  the  other  two,  feems  to  have 
a  greater  affinity  with  the  Phlogiflon,  than  with  fixed  Alka- 
lis. We  are  led  to  this  opinion  by  a  very  curious  operation, 
which  gives  ground  to  chink  that  Sea-falt  may  be  decompof- 
ed  by  the  proper  application  of  a  fubftance  containing  the 
Phlogiflon. 

FrotiTthe  Marine  Acid  combined  with  a  Phlogiflon  refults 
a  kind  of  Sulphur,  differing  from  the  common  fort  in  many 
refpects;  but  particularly  in  this  property,  that  it  takes  fire 
of  itfelf  upon  being  expofed  to  the  open  air.  This  combi- 
nation is  called  Englifh  Phofphorus^  Phofphorus  of  Urine> 
becaufe  it  is  generally  prepared  from  urine  ;  or,  only  Phof- 
phorus. 

This  combination  of  the  Marine  Acid  with  a  Phlogiflon 
is  not  eafily  effected;  becaufe  it  requires  a  difficult  operation 
in  appropriated  veflels.  For  thefe  reafons  it  does  not  always 
fucceed  ;  and  Phofphorus  is  fo  fcarce  and  dear,  that  hitherto 
Chymifls  have  not  been  able  to  make  on  it  the  experiments 
neceflary  to  difcover  all  its  properties.  If  Phofphorus  be 
fuffered  to  burn  away  in  the  air,  a  fmall  quantity  of  an  acid 
liquor  may  be  obtained  from  it,  which  feems  to  be  fpirit  of 
fait,  but  either  altered,  or  combined  with  fome  adventitious 
matter;  for  it  has  feveral  properties  that  are  not  to  be  found 
in  the  pure  Marine  Acid ;  fuch  as,  leaving  a  fixed  fufible 
fubftance  behind  it  when  expofed  to  a  flrong  fire,  and  being 
eafily  combined  with  the  Phlogiflon  fo  as  to  reproduce  a 
Phofphorus. 

Phofphorus  refembles  fulphur  in  feveral  of  its  properties  :. 
it  is  foluble  in  oils ;  it  melts  with  a  gentle  heat;  it  is  very 
combuftible;  it  burns  without  producing  foot;  and  its  flame 
is  vivid  and  bluifh. 

From  what  has  been  faid  of  the  union  of  the  Acid  of 
Sea-falt  with  a  fixed  Alkali,  and  of  the  neutral  fait  refulting 
therefrom,  it  may  be  concluded  that  this  neutral  fait  is  no 
other  than  the  common  kitchen-falt.  But  it  mufl  be  obferv- 
ed,  that  the  fixed  Alkali,  which  is  the  natural  bafis  of  the 
common  fait  obtained  from  fea-water,  is  of  a  fort  fomewhat 
differing  from  fixed  Alkalis  in  general,  and  hath  certain  pro- 
perties peculiar  to  itfelf.     For, 

1.  The  bafis  of  Sea-falt  differs  from  other  fixed  Alkalis 
in  this,  that  it  cryflallizes  like  a  neutral  fait. 

2.  It 
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2.  It  does  not  grow  moid  in  the  air;  on  the  contrary, 
when  expofed  to  the  air,  it  lofes  part  of  the  water  that  unit- 
ed with  it  in  eryftaliization,  by  which  means  its  cryftals  lofe 
their  tranfparency,  become,  as  it  were,  mealy,  and  fall  into 
a  fine  flour. 

3.  When  combined  with  the  vitriolic  Acid  to  the  point  of 
faturation,  it  forms  a  neutral  fait  differing  from  vitriolated 
tartar,  firft,  in  the  figure  of  its  cryftals,  which  are  oblong 
fix-fided  folids;  fecondly,  in  its  quantity  of  water,  which 
in  cryftallization  unites  therewith  in  a  much  greater  propor- 
tion than  with  vitriolated  tartar;  whence  it  follows,  that  this 
fait  diffolves  in  water  more  readily  than  vitriolated  tartar; 
thirdly,  in  that  it  flows  with  a  very  moderate  degree  of  heat, 
whereas  vitriolated  tartar  requires  a  very  fierce  one. 

If*  the  Acid  of  Sea-falt  be  feparated  from  its  bafis  by 
means  of  the  vitriolic  Acid,  it  is  eafy  to  fee  that,  when  the 
operation  is  finiihed,  the  fait  we  have  been  fpeaking  of  muft 
be  the  refult.  A  famous  Chymift,  named  Glauber,  was  the 
firft  who  extracted  the  Spirit  of  Salt  in  this  manner,  exa- 
mined the  neutral  fait  refulting  from  his  procefs,  and,  find- 
ing it  to  have  fome  fingular  properties,  called  it  his  Sal  ?ni- 
rabile,  or  wonderful  Salt :  on  this  account  it  is  ftill  called 
Glauber's  Sal  mirabile,  or  plainly  Glauber's  Salt. 

4.  "When  the  bafis  of  Sea-falt  is  combined  with  the  ni- 
trous Acid  to  the  point  of  faturation,  there  refults  a  neutral 
fait,  or  a  fort  of  nitre,  differing  from  the  common  nitre, 
firft,  in  that  it  attracts  the  moifture  of  the  air  pretty  ftrong- 
Jy;  and  this  makes  it  difficult  to  cryftallize;  fecondly,  in  the 
figure  of  its  cryftals,  which  are  parallelopipeds;  and  this  has 
procured  it  the  name  of  Qiiadr angular  Nitre. 

Common  fait,  or  the  neutral  fait  formed  by  combining 
the  Marine  Acid  with  this  particular  fort  of  fixed  Alkali, 
has  a  tafte  well  known  to  every  body.  The  figure  of  its 
cryftals  is  exactly  cubical.  It  grows  moift  in  the  air,  and, 
when  expofed  to  the  fire,  it  burfts,  before  it  melts,  into  ma- 
ny little  fragments,  with  a  crackling  noife ;  which  is  called 
the  Decrepitation  of  Sea-falt. 

That  neutral  fait  mentioned  above,  which  is  formed  by 
combining  the  Marine  Acid  with  a  common  fixed  Alkali, 
and  called  Sal  febrifugum  Sylvii>  hath  alfo  this  property. 

India  furniflies  us  with  a  faliue  fubftance,  known  by  the 
name  of  Borax,  which  flows  very  eafily,  and  then  takes  the 
form  of  glafs.  It  is  of  great  ufe  in  facilitating  the  fufion  of 
metallic  fubftances.     It  poffeffes  fome  of   the  properties  of 
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fixed  Alkalis,  which  has  induced  certain  Chymifts  to  repre- 
fent  it,  through  mi  (take,  as  a  pure  fixed  Alkali. 

By  mixing  borax  with  the  vitriolic  Acid,  Mr.  Homberg 
obtained  from  it  a  fait,  which  fublimes  in  a  certain  degree 
of  heat,  whenever  fuch  a  mixture  is  made.  This  fait  has 
very  lingular  properties  -,  but  its  nature  is  not  yet  thoroughly 
underilood.  It  diflblves  in  water  with  great  difficulty  ;  it  is 
not  volatile,  though  it  rifes  by  fublimation  from  the  borax. 
According  to  Mr,  Rouelle's  obfervation,  it  rifes  then  only  by 
means  of  the  water  which  carries  it  up  :  for,  when  once 
made,  it  abides  the  fierceft  fire,  flows  and  vitrifies  juft  as  bo- 
rax does:  provided  care  be  taken  to  free  it  previoufly  from 
moifture  by  drying  it  properly.  Mr.  Homberg  called  it  Se- 
dative Salt,  on  account  of  its  medical  effects.  The  fedative 
fait  hath  the  appearance,  and  fome  of  the  properties,  of  a 
neutral  fait ;  for  it  moots  into  cryftals,  and  does  not  change 
the  colour  of  violets ;  but  it  acts  the  part  of  an  Acid  with 
regard  to  Alkalis,  uniting  with  them  to  the  point  of  fatura- 
tion,  and  thereby  forming  a  true  neutral  fait.  It  alfo  a£ts* 
like  the  Acid  of  vitriol  on  all  neutral  falts ;  that  is,  it  dif- 
charges  the  Acid  of  fuch  as  have  not  the  vitriolic  Acid  in 
their  compofition.    ' 

Since  Mr.  Romberg's  time  it  hath  been  difcovered,  that  a 
fedative  fait  may  be  made  either  with  the  nitrous  or  with  the 
marine  Acid  ;  and  that  fublimation  is  not  neceiTary  to  extract 
it  from  the  borax,  but  that  it  may  be  obtained  by  cryftalliza- 
tion  only.  For  this  latter  difcovery  we  are  indebted  to  Mr, 
Geoffry,  as  we  are  to  Mr,  Lemery  for  the  former. 

Since  that  time  M.  Baron  d'Henouville,  an  able  Chymift,. 
Iiath  (hewn  that  a  fedative  fait  may  be  obtained  by  the  means 
of  vegetable  Acids ;  and  hath  lately  demonftrated,  in  fome 
excellent  papers  publiihed  in  the  collection  of  Memoirs  writ-* 
ten  by  the  correfpondents  of  the  Academy  of  Sciences,  that 
the  fedative  fait  exifts  actually  and  perfectly  in  the  borax,  and 
that  it  is  not  produced  by  mixing  Acids  with  that  faline  fub- 
ftance,  as  it  feems  all  the  Chymifts  before  him  imagined. 
This  he  proves  convincingly  from  his  analyfis  of  borax, 
(which  thereby  appears  to  be  nothing  elfe  but  the  fedative 
fait  united  with  that  fixed  Alkali  which  is  the  bafis  of  Sea- 
fait)  and  from  his  regenerating  the  fame  borax  by  uniting 
together  that  Alkali  and  the  fedative  fait :  a  proof  the  molt 
complete  that  can  poffibly  be  produced  in  natural  philofophy, 
and  equivalent  to  demonftration  itfelf. 

In  order  to  finifh  what  remains  to  be  faid  upon  the  feveral 
forts  of  faline  fubftances,  we  fhould  now  fpeak  of  the  Acids 

obtained 


Chap.5-    THEORY   of    CHYMISTRT.        29 

obtained  from  vegetables  and  animals,  and  alfo  of  the  vola- 
tile Alkalis :  but,  feeing  thefe  faline  fubftances  differ  from 
thofe  of  which  we  have  already  treated,  only  as  they  are  va- 
rioufly  altered  by  the  unions  they  have  contracted  with  cer- 
tain principles  of  vegetables  and  animals,  of  which  nothing 
has  been  yet  faid,  it  is  proper  to  defer  being  particular  con- 
cerning them,  till  we  have  explained  thofe  principles. 


CHAP.      V. 

Of    Lime. 

AN  Y  fubftance  whatever,  that  has  been  roafted  a  confi- 
derable  time  in  a  ftrong  fire  without  melting,  is  com- 
monly called  a  Calx.  Stones  and  metals  are  the  principal 
fubjecfs  that  have  the  property  of  being  converted  into  Calces* 
We.  ihall  treat  of  Metalline  Calces  in  a  fubfequent  chapter, 
and  in  this  confine  ourfelves  to  the  Calx  of  St  one y  known  by 
the  name  of  Lime, 

In  treating  of  earths  in  general  we  obferved  that  they  may 
be  divided  into  two  principal  kinds;  one  of  which  actually 
and  properly  flows  when  expofed  to  the  action  of  fire,  and 
turns  to  glafs ;  whence  it  is  called  a.  fufible  or  vitrifiable  earth  j 
the  other  refifts  the  utmofl  force  of  fire,  and  is  therefore  faid 
to  be  an  unfufible  or  unvitrifiable  earth.  The  latter  is  alfo 
not  uncommonly  called  calcinable  earth  ;  though  fundry  forts 
of  unfufible  earths  are  incapable  of  acquiring  by  the  a£tion  of 
fire  all  the  qualities  of  calcined  earth,  or  Lime  properly  fa 
called  :  fuch  earths  are  particularly  diftinguifhed  by  the  deno- 
mination of  refratlory  earths. 

As  the  different  forts  of  ftones  are  nothing  more  than  com- 
pounds of  different  earths,  they  have  the  fame  .properties  with 
the  earths  of  which  they  are  compofed,  and  may,  like  them, 
be  divided  into  fufible  or  vitrifiable,  and  unfufible  or  calcin- 
able. The  fufible  ftones  are  generally  denoted  by  the  name 
of  Flints i  the  calcinable  ftones,  again,  are  the  feveral  forts 
of  marbles,  cretaceous  ftones,  thofe  commonly  called  free- 
ftones,  &c*  fome  of  which,  as  they  make  the  beft  Lime,  are, 
by  way  of  eminence,  called  Lime -ji ones.  Sea-fhells,  alfo, 
and  ftones  that  abound  with  fofliie  (hells,  are  capable  of  be- 
ing burnt  to  Lime. 

AU 
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All  thefe  fubftances,  being  cxpofed,  for  a  longer  or  (hott- 
er time,  as  the  nature  of  each  requires,  to  the  violent  action 
of  fire,  are  faid  to  be  calcined.  By  calcination  they  lofe  a 
confiderable  part  of  their  weight,  acquire  a  white  colour,  and 
become  friable  though  ever  fo  folid  before ;  as,  for  inftance, 
the  very  harden1  marbles.  Thefe  fubftances,  when  thus  cal- 
cined, take  the  name  of  ^jiick  Lime. 

Water  penetrates  Quick  Lime,  and  rufhes  into  it  with  vaft 
activity.  If  a  lump  of  newly  calcined  Lime  be  thrown  into 
water,  it  inftantly  excites  almoft  as  great  a  noife,  ebullition, 
and  fmoke,  as  would  be  produced  by  a  piece  of  red-hot  iron; 
with  fuch  a  degree  of  heat  too,  that,  if  the  Lime  be  in  due 
proportion  to  the  water,  it  will  fet  fire  to  combuftible  bodies; 
as  hath  unfortunately  happened  to  vefiels  laden  with  Quick 
Lime,  on  their  fpringing  a  fmall  leak. 

As  foon  as  Quick  Lime  is  put  into  water,  it  fwells,  and 
falls  afunder  into  an  infinite  number  of  minute  particles  :  in 
a  word,  it  is  in  a  manner  difiblved  by  the  water,  which  forms 
therewith  a  fort  of  white  parte  called  Slacked  Lime. 

If  the  quantity  of  water  be  confiderable  enough  for  the 
Lime  to  form  with  it  a  white  liquor,  this  liquor  is  called  Lac 
Calcis ;  which,  being  left  fome  time  to  fettle,  grows  clear 
and  tranfparent,  the  Lime  which  was  fufpended  therein,  and 
occafioned  its  opacity,  fubfiding  to  the  bottom  of  the  veffel. 
Then  there  forms  on  the  furface  of  the  liquor  a  cryftalline 
pellicle,  fomewhat  opaque  and  dark-coloured,  which  being 
fkimmed  off  is  reproduced  from  time  to  time.  This  matter 
is  called  Cremor  Calcis, 

Slacked  Lime  gradually  grows  dry,  and  takes  the  form  of 
a  folid  body,  but  full  of  cracks  and  deftitute  of  firmnefs.  The 
event  is  different  when  you  mix  it  up,  while  yet  a  pafte,  with 
a  certain  quantity  of  uncalcined  (tony  matter,  fuch  as  fand, 
for  example :  then  it  takes  the  name  of  Mortar •,  and  gradu- 
ally acquires,  as  it  grows  drier  and  older,  a  hardnefs  equal 
to  that  of  the  beft  (tones.  This  is  a  very  fingular  property 
of  Lime,  nor  is  it  eafy  to  account  for  it :  but  it  is  a  benefi- 
cial one;  for  every  body  knows  the  ufe  of  Mortar  in  build- 
ing. 

Quick  Lime  attracts  the  moifture  of  the  air,  in  the  fame 
manner  as  concentrated  acids,  and  dry  fixed  alkalis ;  but  not 
in  fuch  quantities  as  to  render  it  fluid  :  it  only  falls  into  ex- 
tremely fmall  particles,  takes  the  form  of  a  fine  powder,  and 
the  title  of  Lime Jlacked  in  the  air. 

Lime  once  flacked,  however  dry  it  may  afterwards  appear* 
always  retains  a  large  portion  of  the  water  it  had  imbibed  ; 

which 
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which  cannot  be  feparated  from  it  again  but  by  means  of  a 
violent  calcination.  Being  fo  recalcined  it  returns  to  be 
Qmck  Lime,  recovering  all  its  properties. 

Befides  this  great  affinity  of  Qiiick  Lime  with  water,  which 
difcovers  a  faline  character,  it  has  feveral  other  faline  pro- 
perties, to  be  afterwards  examined,  much  refembling  thofe 
of  fixed  alkalis.  In  Chymiftry  it  atts  very  nearly  as  thofe 
falts  do,  and  may  be  confidered  as  holding  the  middle  rank 
between  a  pure  abforbent  earth  and  a  fixed  alkali :  and  this 
hath  induced  many  Chymifts  to  think  that  Lime  contains  a 
true  fait,  torwhich  all  the  properties  it  pofTefles  in  common 
with  falts  may  be  attributed. 

But  as  the  chymical  examination  of  this  fubjecl:  hath  long 
been  neglected,  the  exigence  of  a  faline  fubftance  in  Lime 
hath  been  long  doubtful.  Mr.  du  Fay,  author  of  fome  ex- 
cellent chymical  experiments,  was  one  of  the  firft  who  ob- 
tained a  fait  from  Lime,  by  lixiviating  it  with  a  great  deal  of 
water,  which  he  afterwards  evaporated.  But  the  quantity  of 
fait  he  obtained  by  that  means  was  very  fmail ;  nor  was  it  of 
an  alkaline  nature,  as  one  would  think  it  fhould  have  been, 
confidering  the  properties  of  Lime.  Mr.  du  Fay  did  not 
carry  his  experiments  on  this  fubjecl:  any  further,  probably 
for  want  of  time ;  nor  did  he  determine  of  what  nature  the 
fait  was. 

Mr.  Malouin  had  the  curiofity  to  examine  this  fait  of 
Lime,  and  foon  found  that  it  was  nothing  elfe  but  what  was 
above  called  Cremor  Calcis.  He  found,  moreover,  that,  by 
mixing  a  fixed  alkali  with  lime-water,  a  vitriolated  tartar 
was  formed;  that,  by  mixing  therewith  an  alkali  like  the 
bafis  of  fea-falt,  a  Glauber's  fait  was  produced ;  and,  laftly, 
by  combining  lime  with  a  fubftance  abounding  in  phlogifton, 
he  obtained  a  true  fulphur.  Thefe  very  ingenious  experi- 
ments prove  to  a  demonftration,  that  the  vitriolic  acid  confti- 
tutes  the  fait  of  Lime :  for,  as  hath  been  fhewn,  no  other 
acid  is  capable  of  forming  fuch  combinations.  On  the  other 
hand,  Mr.  Malouin,  having  forced  the  vitriolic  acid  of  this 
fait  to  combine  with  a  phlogifton,  found  its  bafis  to  be  earthy, 
and  analogous  to  that  of  the  felenites  :  whence  he  concluded, 
that  the  fait  of  Lime  is  a  true  neutral  fait,  of  the  fame  kind 
as  the  felenites.  Mr.  Malouin  tells  us  he  found  feveral  other 
falts  in  Lime.  But  as  none  of  them  was  a  fixed  alkali,  and 
as  all  the  faiine  properties  of  Lime  have  an  affinity  with  thofe 
of  that  kind  of  fait,  there  is  great  reafon  to  think  that  all 
thofe  falts  are  foreign  to  Lime,  and  that  their  union  with  it  is 
merely  accidental, 

I  myfelf 
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I  myfelf  have  made  feveral  experiments  in  order  to  get 
fome  infight  into  the  faline  nature  of  Lime,  and  (hall  here 
produce  the  refult  \vith  all  pofiible  concifenefs.  1  took  feveral 
ffccnes  of  different  kinds,  fome  of  which  produced  by  calci- 
nation a  very  (trong  Lime,  and  others  but  a  very  weak  one. 
Thefe  I  impregnated  with  different  faline  fubftances,  acids, 
alkalis,  and  neutrals,  and  then  expofed  them  all  to  the  fame 
degree  of  fire,  which  was  a  pretty  (trong  one,  and  long  e- 
nough  continued  to  have  made  very  good  Lime  of  (tones  the 
molt  difficult  to  calcine.  The  confequence  was,  that,  in  the 
firft  place,  thofe  (tones  which  naturally  made  but  a  weak 
Lime  were  not,  by  this  procefs,  converted  into  a  (tronger 
Lime ;  and,  moreover,  that  none  of  thefe  (tones,  even  fuch 
as  would  naturally  have  produced  the  moft  a£tive  Lime,  had 
acquired  the  properties  of  Lime  Thefe  experiments  I  va- 
ried many  ways,  employing  different  proportions  of  faline 
matters,  and  aimoft  every  poffible  degree  of  fire,  and  con- 
ftantly  obferved,  after  calcination,  that  all  thofe  (tones  were 
fo  much  the  farther  from  the  nature  of  Lime,  as  they  had 
been  combined  with  larger  dofes  of  falts.  Among  thofe 
which  were  impregnated  with  the  greateft  proportion  of  falts, 
and  had  fuffered  the  greateft  violence  of  fire,  I  obferved  fome 
that  had  begun  to  flow,  and  were  in  a  manner  vitrified. 
Now,  as  the  fame  fubje£t  cannot  be,  at  one  and  the  fame 
time,  in  the  ftate  of  glafs  and  of  Lime  too;  as  a  body  can- 
not approach  to  one  of  thefe  ftates  but  in  proportion  as  it  re- 
cedes from  the  other;  and  as  falts  in  general  difpofe  thofe 
bodies  to  fufion  and  vitrification  which  are  in  themfelves  the 
mod  averfe  to  either,  I  concluded  from  my  experiments,  that 
the  faline  fubftances  I  ufed,  had,  by  acting  as  fluxes  upon 
the  (tones,  prevented  their  calcination  ;  that  confequently  we 
may  fufpe£t  there  is  no  faline  matter  in  the  compofition  of 
Lime,  as  Lime;  and  that  Lime  does  not  owe  its  faline  and 
alkaline  properties  to  any  fait ;  or  at  leaft  that,  if  it  does  owe 
thofe  properties  to  a  fait,  fuch  fait  muft  be  naturally  and  ori- 
ginally combined  with  the  matter  of  the  (tone  in  fo  ju(t  a 
proportion,  that  it  is  impofiible  to  increafe  the  quantity  there- 
of without  prejudicing  the  Lime,  and  depriving  it  in  fome 
meafure  of  its  virtue.  This  theory  agrees  perfectly  with  the 
illuftrious  Stahl's  opinion ;  for  he  thinks,  as  we  obferved  in 
difcourfmg  of  falts  in  general,  that  every  faline  fubftance  is 
but  an  earth  combined  in  a  certain  manner  with  water.  This 
notion  he  applies  to  Lime5  and  fays,  that  fire  only  fubti- 
lizcs  and  attenuates  the  earthy  matter,  and  thereby  renders  it 
capable  of  uniting  with  water  in  fuch  a  manner,  that  the  re- 
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fult  of  their  combination  ill  all  be  a  fubflance  having  faline 
properties;  and  that  Lime  accordingly  never  acquires  thefe 
properties  till  it  be  combined  with  water. 

I  have  dwelt  longer  on  the  Salt  of  Lime  than  I  mail  on 
any  other  particular  j  becaufe  the  fubje£t,  though  in  jtfelf  of 
great  importance,  has  hitherto  been  but  little  attended  to, 
and  becaufe  the  experiments  here  recited  are  entirely  new. 

Lime  unites  with  all  acids,  and  in  conjunction  with  them 
exhibits  various  phenomena. 

The  vitriolic  acid  poured  upon  Lime  diffolves  it  with  ef- 
fervefeence  and  heat.  From  this  mixture  there  exhales  a 
great  quantity  of  vapours,  iii  fmell  and  Colour  perfectly  like 
thofe  of  fea-falt;  from  which,  however,  they  are  found  to  be 
very  different  when  collected  into  a  liquor.  From  this  com- 
bination of  the  vitriolic  acid  with  Lime  arifes  a  neutral  fait, 
which  (hoots  into  cryftalsj  and  is  of  the  fame  kind  with  the 
felenetic  fait  obtained  from  Lime  by  Mr.  Malouin. 

The  nitrous  acid  poured  upon  Lime  diffolves  it  in  like 
manner  with  effervefcence  and  heat:  but  the  folution  is  tranf- 
parent,  and  therein  differs  from  the  former,  which  is  opaque. 
From  this  mixture  there  arifes  a  neutral  fait,  which  does  not 
cryftaliize*  and  has  withal  the  very  fingular  property  of  being 
volatile,  and  rifmg  wholly  by  diftiilation  in  a  liquid  form. 
This  phenomenon  is  fo  much  the  more  remarkable,  as  Lime, 
the  bafis  of  this  fait,  is  one  of  the  mofi  fixed  bodies  known 
in  Chymiftry. 

With  the  acid  of  fea-falt  Lime  forms  alfo  a  fingular  fort 
of  fait,  which  greedily  imbibes  the  moifture  of  the  air.  We 
fhall  have  occafion  to  take  further  notice  of  it  in  another 
place. 

Thefe  experiments  made  on  Lime  with  acids  are  likewife 
quite  new.  We  are  indebted  for  them  to  Mr.  Du  Hamel  of 
the  Academy  of  Sciences,  whofe  admirable  Memoirs  on  fe>- 
veral  fubje£ts  fhew  his  extenfive  knowledge  in  all  parts  of 
Natural  Philofophy. 

Lime  applied  to  fixed  alkalis  adds  confiderably  to  their 
cauftic  quality,  and  makes  them  more  penetrating  and  a£tive. 
An  alkaline  lixivium  in  which  Lime  hath  been  boiled,  being 
evaporated  to  drynefs,  forms  a  very  cauftic  fubftance,  which 
flows  in  the  fire  much  more  eafily,  attracts  and  retains  moi- 
fture much  more  itrongly,  than  fixed  alkalis  that  have  not 
been  fo  treated.  An  alkali  thus  acuated  by  Lime  is  called 
the  Cauftic  Sto?iey  or  Potential  Cautery  ;  becaufe  it  is  em- 
ployed by  iurgeons  to  produce  efchars  on  the  flun  and  cau- 
terize it. 
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CHAP.       VI. 

Of  Metallic  Sub/lances  in  general. 

MEtallic  Subftances  are  heavy,  glittering,  opaque, 
fufible  bodies.     They  confift  chiefly  of  a  vitrifiable 
earth  united  with  the  phlogifton. 

Several  Chymifts  infift  on  a  third  principle  in  thefe  bodies, 
and  have  given  it  the  name  of  Mercurial  Earth ;  which,  ac- 
cording to  Becher  and  Stahl,  is  the  very  fame  that  being 
combined  with  the  vitriolic  acid  forms  and  characterizes  the 
acid  of  fea-falt.  The  exigence' of  this  principle  hath  not  yet 
been  demonftrated  by  any  decifive  experiment;  but  we  fhall 
fhew  that  there  are  pretty  ftrong  reafons  for  admitting  it. 

We  mail  begin  with  mentioning  the  experiments  which 
prove  Metallic  Subftances  to  confift  of  a  vitrifiable  earth  unit- 
ed with  the  phlogifton.  The  firft  is  this:  if  they  be  calcin- 
ed in^fuch  a  manner  as  to  have  no  communication  with  any 
inflammable  matter,  they  will  be  fpoiled  of  all  their  proper- 
ties, and  reduced  to  an  earth  or  calx,  that  has  neither  the 
fplendour  nor  the  ductility  of  a  metal,  and  in  a  ftrong  fire 
turns  to  an  a£tual  glafs,  inftead  of  flowing  like  a  metal. 

The  fecond  is,  that  the  calx  or  the  glafs  refulting  from  a 
k  metal  thus  decompofed,  recovers  all  its  metalline  properties 
by  being  fufed  in  immediate  contact  with  an  inflammable 
fubftance,  capable  of  reftoring  the  phlogifton  of  which  cal- 
cination had  deprived  it. 

On  this  occafion  we  muft  obferve,  that  Chymifts  have  not 
yet  been  able,  by  adding  the  phlogifton,  to  give  the  proper- 
ties Of  metals  to  all  forts  of  vitrifiable  earths  indiscriminately; 
but  to  fuch  only  as  originally  made  a  part  of  fome  metallic 
body.  For  example,  a  compound  cannot  be  made  with  the 
phlogifton  and  fand  that  fhall  have  the  leaft  refemblance  of  a 
metal :  and  this  is  what  feems  to  point  out  the  reality  of  a 
third  principle,  as  necefiary  to  form  the  metalline  combina- 
tion. This  principle  may  probably  remain  united  with  the 
vitrifiable  earth  of  a  metallic  fubftance,  when  reduced  to  a 
glafs;  whence  it  follows,  that  fuch  vitrified  metals  require 
only  the  addition  of  a  phlogifton  to  enable  them  to  appear  a- 
o-ain  in  their  priftine  form. 

It 
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It  may  be  inferred  from  another  experiment,  that  the  calx 
and  the  glafs  of  a  metal  are  not  its  pure  verifiable  earth, 
properly  fo  called :  for  by  repeated  or  long-continued  calci- 
nations, fuch  a  calx  or  glafs  may  be  rendered  incapable  of 
ever  renaming  the  metalline  form,  in  whatever  manner  the 
phlogifton  be  afterwards  applied  to  it;  fo  that  by  this  means 
it  is  brought  into  the  condition  of  a  pure  verifiable  earth, 
abfolutely  free  from  any  mixture.  Thofe  Chymifts  who  pa- 
tronize the  Mercurial  earth,  produce  many  other  proofs  of 
the  exiftence  of  that  principle  in  Metallic  Subftances;  but 
they  would  be  mifplaced  in  an  elementary  treatife  like  this. 

When  by  adding  the  phlogifton  to  a  metallic  glafs  we  re- 
flore  it  to  the  form  of  a  metal,  we  are  faid  to  reduce,  refufci- 
tate,  or  revivify  that  metal. 

Metallic  Subftances  are  of  different  kinds,  and  are  divided 
into  Metals  and  Semi-metals, 

Thofe  are  called  Metals  which,  befides  their  metalline 
fplendour  and  appearance,  are  alfo  malleable ;  that  is,  have 
the  property  of  ftretching  under  the  hammer,  and  by  that 
means  of  being  wrought  into  different  forms  without  break- 
ing. 

Thofe  which  have  only  the  metalline  fplendour  and  appear- 
ance, without  malleability,  are  called  Semi-metals. 

Metals  are  alfo  further  fubdivided  into  two  forts';  viz* 
P  erf  eft  and  Imperfect  Metals. 

The  Perfect  Metals  are  thofe  which  fufFer  no  damage  or 
change  whatever  by  the  mod  violent  and  meft  lafting  action 
of  fire. 

The  Imperfect  Metals  are  thofe  which  by  the  force  of  fire 
may  be  deprived  of  their  phlogifton,  and  confequently  of 
their  metalline  form. 

When  but  a  moderate  degree  of  fire  is  employed  to  de> 
prive  a  Metal  of  its  phlogifton,  the  metal  is  faid  to  be  calcin- 
ed; and  then  it  appears  in  the  form  of  a  powdered  earth  s 
which  is  called  a  Calx:  and  this  metalline  calx  being  expofed 
to  a  more  violent  degree  of  fire  melts  and  turns  to  glafs. 

Metallic  Subftances  have  an  affinity  with  acids  :  but  net 
equally  with  all ;  that  is,  every  Metallic  Subftance  is  not  ca- 
pable of  uniting  and  joining  with  every  acid. 

When  an  acid  unites  with  a  Metallic  Subftance  there  com- 
monly arifes  an  ebullition,  attended  with  a  kind  of  hiding 
noife  and  fuming  exhalations.  By  degrees,  as  the  union  be- 
comes more  perfect,  the  particles  of  the  metal  combining 
with  the  acid  become  invifible  :  this  is  termed  Diffblutibn  ; 
and  when  a  metalline  mafs  thus  appears  in  an  acid,  the  me 
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tal  is  faid  to  be  dijjohed  by  that  acid.  It  is  proper  to  ob- 
ferve,  that  acids  a£t  upon  Metalline  Subftances,  in  one  re- 
fpecl:,  juft  as  they  do  upon  alkalis  and  abforbent  earths  :  for 
an  acid  cannot  take  up  above  fuch  a  certain  proportion  there- 
of as  is  fuffiqient  to  faturate  it,  to  deftroy  feveral  of  its  pro- 
perties, and  weaken  others.  For  example,  when  an  acid  is 
combined  with  a  metal  to  the  point  of  faturation,  it  lofes  its 
tafte,  does  not  turn  the  blue  colour  of  a  vegetable  red,  and 
its  affinity  with  water  is  considerably  impaired.  On  the  o- 
ther  hand,  Metalline  Subftances,  which  when  pure  are  inca- 
pable of  uniting  with  water,  by  being  joined  with  an  acid 
acquire  the  property  of  diiTolying  in  water.  Thefe  combina- 
tions of  Metalline  Subftances  with  acids  form  different  forts 
of  neutral  falts ;  fome  of  which  have  the  property  of  meet- 
ing into  cryftals,  while  others  have  it  not :  moil  of  them, 
when  thoroughly  dried,  attract  the  moifture  of  the  air. 

The  affinity  which  Metalline  Subftances  have  with  acids 
is  lefs  than  that  which  abforbent  earths  and  fixed  alkalis  have 
with  the  fame  acids ;  fo  that  all  metalline  falts  may  be  de- 
compounded by  one  of  thefe  fubftances?  which  will  unite 
\vith  the  acid,  and  precipitate  the  metal. 

Metalline  Subftances  thus  feparated  from  an  acid  fol vent 
are  called  Magifieries  and  Precipitates  of  metals.  None  cf 
thefe  precipitates,  except  thofe  of  the  perfect,  metals,  retain 
the  metalline  form  :  moft  of  their  phlogifton  hath  been  de- 
ilroyed  by  the  folutipn  and  precipitation,  and  muff  be  reftor- 
ed  before  they  can  recover  their  properties.  In  fhort,  they 
are  nearly  in  the  fame  ftate  with  Metalline  Subftances  depriv- 
ed of  their  phlogifton  by  calcination^  and  accordingly  fuch  a 
precipitate  is  called  a  Calx, 

A  metalline  calx  prepared  in  this  manner  lofes  a  greater  or 
a  lefs  portion  of  its  phlogifton,  the  more  or  lefs  effectually 
anti  thoroughly  the  Metalline  Subftance,  of  which  it  made  a 
part,  was  diffolved  by  the  acid. 

•  Metallic  Subftances  have  affinities  with  each  other  which 
differ  according  to  their  different  kinds :  but  this  is  not  uni- 
verfal ;  for  fome  of  them  are  incapable  of  any  fort  of  union 
with  fome  others. 

It  muft  be  obferved,  that  Metallic  Subftances  will  not 
unite,  except  they  be  both  in  a  fimilar  ftate  5  that  is,  both  in 
a  Metalline  form,  or  both  in  the  form  of  a  Glafs ;  for  a  Me- 
talline Subflance  retaining  its  phlogifton  cannot  contract  an 
union  with  any  metallic  glafs,  even  its  own. 


CHAR 


Sea.  i,    THEORY   of    CHYMISTRY.  37 


CHAP.       V1L 

Of  Metals. 

THERE  are  fix  Metals,  of  which  two  are  Perfect  and 
four  Imperfect.  The  perfect  Metals  are  Gold  and 
Silver;  the  others  are  Copper,  Tin,  Lead,  and  Iron.  Some 
Chymifts  admit  a  feventh  Metal,  to  wit,  Quick-filver :  but 
as  it  is  not  malleable,  it  has  been  generally  confidered  as  a 
metallic  body  of  a  particular  kind.  We  (hall  foon  have  oc- 
casion to  examine  it  more  minutely. 

The  ancient  Chymifts,  or  rather  the  Alchy mills,  who 
fancied  a  certain  relation  or  analogy  between  Metals  and  the 
Heavenly  bodies,  bellowed  on  the  feven  Metals,  reckoning 
Qui clc-fi Iyer  one  of  them,  the  names  of  the  feven  Planets  of 
the  Ancients,  according  to  the  affinity  which  they  imagined 
they  obferved  between  thole  feveral  bodies.  Thus  Gold  was 
Called  Sol,  Silver  Luna,  Copper  Venus ,  Tin  Jupiter,  Lead 
Saturn,  Iron  Mars,  and  Quick-filver  Mercury.  Though 
thefe  names  were  affigned  for  reafons  merely  chimerical,  yet 
they  ftill  keep  their  ground  ;  fo  that  it  is  not  uncommon  to 
find  the  Metals  called  by  the  names,  and  denoted  by  the 
characters,  of  the  Planets,  in  the  writings  even  of  the 
fceft  Chymifts,  petals  are  the  heavieft  bodies  known  in  na? 
ture. 

SECTION     L 

Of    Gold. 

Gold  is  the  heavieft  of  all  Metals.  The  arts  of  wire- 
drawing and  gold-beating  fhew  its  wonderful  ductility.  The 
greateft  violence  of  fire  is  not  able  to  produce  any  alteration 
in  it.  Indeed  Mr.  Homberg,  a  famous  Chymift,  pretended 
that  he  had  made  this  metal  fume,  and  even  vitrified  it,  by 
expofing  it  to  the  focus  of  one  of  the  be  ft  burning-glaCes, 
known  by  the  name  of  the  Lens  of  the  Palais  Royal:  but, 
there  are  very  good  reafons  for  calling  in  queftion  the  expe- 
riment^ he  made  on  this  occafion,  or  rather  for  thinking  that 
he  was  quite  miftaken.     For, 
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1.  No  man  hath  fince  been  able  to  vitrify  Gold,  though 
feveral  good  Experimenters  have  affiduoufly  tried  to  effect  it, 
by  expofing  it  to  the  focus  of  the  fame  lens,  and  of  other 
burning-glaffes  ftili  Wronger. . 

2.  It  hath  been  obferved,  that  though  Gold,  when  expofed 
to  the  focus  of  thofe  glaffes,  did  indeed  emit  fome  vapours 
and  decreafe  in  weight;  yet,  thofe  vapours  being  carefully 
collected  on  a  piece  of  paper,  proved  to  be  true  Gold,  in  no 
degree  vitrified,"'  arid  which  confequently  had  fuffered  no 
change  but  that  of  being  carried  away  by  the  violence  of  the 
heat,  its  nature  not  being  in  the  leaft:  altered. 

3.  The  fmall  portion  of  vitrified  matter,  which  was  form- 
ed on  the  arm  that  fupported  the  Gold  in  Mr.  Romberg's 
experiment,  may  have  come  either  from  the  arm  itfelf,  or 
rather  from  fome  heterogeneous  particles  contained  in  the 
Gold ;  for  it  is  almoft  impoffible  to  have  it  perfectly  pure. 

4.  Neither  Mr.  Homberg,  nor  any  that  have  repeated  his 
experiment,  ever  reduced  this  pretended  glafs  of  Gold  by 
reftoring  its  Phlogifton,  as  is  done  with  other  metallic 
glafTes. 

5.  To  render  the  experiment  decifive,  the  whole  mafs  of 
Gold  employed  ought  to  have  been  vitrified  ;  which  was  not 
the  cafe. 

Neverthelefs,  I  do  not  pretend  that  this  metal  is  in  its  own 
nature  abfolutely  indeftructible,  and  unvitrifiable :  but  there 
is  reafon  to  think  that  no  body  hath  hitherto  found  the 
means  of  producing  thofe  effects  on  it,  probably  for  want 
of  a  fufricient  degree  of  fire ;  at  leaft  the  point  is  very  doubt- 
ful. 

Gold  cannot  be  diffolved  by  any  pure  acid  :  but  if  the 
acid  of  nitre  be  mixed  with  the  acid  of  fea-falt,  there  refults 
a  compound  acid  liquor,  with  which  it  has  fo  great  an  affi- 
nity that  it  is  capable  of  being  perfectly  diffolved  thereby. 
The  Chymifts  have  called  this  folvent  Aqua  Regis**  on  ac- 
count of  its  being  the  only  acid  that  can  diiTolve  Gold,  which 
they  confider  as  the  King  of  Metals.  The  foiution  of  gold 
is  of  a  beautiful  orange  colour. 

If  Gold  diffolved  in  aqua  regis  be  precipitated  by  an  al- 
kali or  an  abforbent  earth,  the  precipitate  gently  dried,  and 
then  expofed  to  a  certain  degree  of  heat,  is  inftantly  difperf- 
ed  into  the  air,  with  a  moft  violent  explofion  and  noife  : 
Gold  thus  precipitated  is  therefore  called  Aiirum  Fulminant* 
But  if  the  precipitated  Gold  be  carefully  wafhed  in  plenty  of 
water,  fo  as  to  clear  it  of  all  the  adhering  faline  particles,  it 
will  net  fulminate,  but  mav  be  melted  in  a  crucible  without 

any 
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any  additament,  and  will  then  appear  in  its  ufual  form.  The 
acid  of  vitriol  being  poured  on  aurum  fulminans  likewife 
deprives  it  of  its  fulminating  quality. 

Gold  does  not  begin  to  flow  till  it  be  red-hot  like  a  live  coal. 
Though  it  be  the  moft  malleable  and  moft  ductile  of  all 
metals,  it  has  the  fingular  property  of  lofing  its  ductility 
more  eafily  than  any  of  them  :  even  the  fumes  of  charcoal 
are  fufficient  to  deprive  it  thereof,  if  they  come  in  contact 
with  it  while  it  is  in  fufion. 

The  malleability  of  this  metal,  and  indeed  of  all  the  reft, 
is  alfo  confiderably  diminiflied  by  expofmg  it  fuddenly  to 
cold  when  it  is  red-hot;  for  example,  by  quenching  it  in 
water,  or  even  barely  expofing  it  to  the  cold  air. 

The  way  to  reftore  du&ility  to  gold,  when  loft  by  its  com- 
ing in  contact  with  the  vapour  of  coals,  and  in  general  to 
any  metal  rendered  lefs  malleable  by  being  fuddenly  cooled, 
is  to  heat  it  again,  to  keep  it  red  hot  a  considerable  time, 
and  then  to  let  it  cool  very  flowly  and  gradually ;  this  ope- 
ration frequently  repeated  will  by  degrees  much  increafe  the 
malleability  of  a  metal. 

Pure  fulphur  hath  no  effecl:  on  Gold ;  but  being  combined 
with  an  alkali  into  a  hepar  fulphuris^  it  unites  therewith  ve- 
ry readily.  Nay,  fo  intimate  is  their  union,  that  the  Gold, 
by  means  thereof,  becomes  foluble  in  water;  and  this  new 
compound  of  Gold  and  liver  of  fulphur,  being  diflblved  in 
water,  will  pafs  through  the  pores  of  brown  paper  without 
fuffering  any  decompofition ;  which  does  not  happen,  at 
leaft  in  fuch  a  manifeft  degree,  to  other  metallic  fubftances 
diflblved  by  liver  of  fulphur. 

Aurum  fulminant^  mixed  and  melted  with  flower  of  ful- 
phur, lofes  its  fulminating  quality :  which  arifes  from  hence, 
that  on  this  occafion  the  fulphur  burns,  and  its  acid,  which 
is  the  fame  with  the  vitriolic,  being  thereby  fet  at  liberty  be- 
comes capable  of  acting  upon  the  Gold  as  a  vitriolic  acid 
would  ;  which,  as  was  faid  above,  deprives  the  Gold  of  its 
fulminating  quality. 

SECTION    II. 

Of  Silver. 

Next  to  Gold,  Silver  is  tjie  moft  perfect  metal.  Like 
Gold  it  refifts  the  utmoft  violence  of  fire,  even  that  in  the 
focus  of  a  burning-glafs.  However,  it  holds  only  the  fecond 
place  among  metals  j  becaufe  it  is  lighter  than  Gold  by  al- 

moft 
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mod  one  half;  is  alio  fomewhat  lefs  ductile;  and,  laftly,  be- 
caufe  it  is  acted  upcn  by  a  greater  number  of  folvents. 
.  Yet  Silver  hath  one   advantage  over  gold,  namely  that  of 
being  a  little  harder ;  which  makes  it  alio  more  fonorotis. 

This  metal,  like  Gold,  begins  to  flow  when  it  is  fo  tho- 
roughly penetrated  by  the  fire  as  to  appear  ignited  like  a  live 
coal. 

While  this  metal  is  in  fufion,  the  immediate  contact  of 
the  vapour  of  burning  coals  deprives  it  almoft  entirely  of  its 
malleability,  in  the  fame  manner  as  we  obferved  happens  to 
Gold :  but  both  thefe  metals  eafily  recover  that  property  by 
being  melted  with  nitre. 

The  nitrous  acid  is  the  true  folvent  of  Silver,  and  being 
fomewhat  depjblegmated  will  very  readily  and  eafily  take  up 
a  quantity  of  Silver  equal  in  weight  to  itfelf. 

Silver  thus  combined  with  the  nitrous  acid  forms  a  metal- 
lic fait  which  fhoots  into  cryftals,  c^llqd  by  the  name  of  Lu- 
nar Cryftals  >  or  Cryftals  of  Silver. 

Thefe  cryftals  are  molt  violently  cauftic  :  applied  to  the 
ikin  they  quickly  affect  it  much  as  a  live  coal  would ;  they 
produce  a  blackifh  efchar,  corroding  and  entirely  deftroying 
the  parts  they  touch.  Surgeons  ufe  them  to  eat  away  the 
proud  fungous  fleib  of  ulcers.  As  Silver  united  with  the 
nitrous  acid  hath  the  property  of  blackening  all  animal  fub- 
jftances,  a  folution  of  this  metallic  fait  is  employed  to  dye 
hair,  or  other  animal  matters,  of  a  beautiful  and  durable 
black. 

Thefe  cryftals  flow  with  a  very  moderate  heat,  and  even 
before  they  grow  red  Being  thus  melted  they  form  a  black- 
ifh mafs ;  and  in  this  form  they  are  ufed  by  Surgeons,  un- 
der the  title  of  Lapis  Infernalis,  Infernal  Stone,  or  Lunar 
Cauftic. 

Silver  is  alfo  difTolved  by  the  vitriolic  acid  :  but  then  the 
acid  muft  be  concentrated,  and  m  quantity  double  the 
weight  of  the  Silver  ;  nor  will  the  foiution  fucceed  without 
a  confiderable  degree  of  heat. 

Spirit  of  fait  and  aqua  regis,  as  well  as  the  other  acids, 
are  incapable  of  diflblving  this  metal  j  at  leaft  in  the  ordina- 
ry way. 

Though  Silver  be  not  foluble  in  the  acid  of  fea-falt,  nor 
eafily  in  the  acid  of  vitriol,  as  hath  juft  been  obferved,  it 
doth  not  follow  that  it  hath  but  a  weak  affinity  with  the  lat- 
ter, and  none  at  all  with  the  former:  on  the  contrary,  it  ap- 
pears from  experiment  that  it  hath  with  thefe  two  acids  a 
much-greater  affinity  than  with  the  acid  of  nifre :  which  is 
i  fingular 
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lingular  enough,  confideririg  the  facility  with  which  this  laft 
acid  diflblves  it. 

The  experiment  which  proves  the  fact,  is  this.  To  a  fo- 
lution of  Silver  in  the  nitrous  acid,  add  the  acid  either  of 
vitriol  or  of  fea-falt,  and  the  Silver  will  inflantly  quit  its  ni- 
trous folvent  to  join  with  the  fuperadded  acid. 

Silver  thus  unired  with  the  vitriolic  or  the  marine  acid  is 
lefs  foluble  in  water  than  when  combined  with  the  nitrous 
acid  ;  and  for  this  reafon  it  is,  that  when  either  of  thefe  two 
acids  is  added  to  a  folution  of  Silver,  the  liquor  immediate- 
ly becomes  white,  and  a  precipitate  is  formed,  which  is  no 
other  than  the  Silver  united  with  the  precipitating  acid.  If 
the  precipitation  be  effected  by  the  vitriolic  acid,  the  preci- 
pitate will  difappear  upon  adding  a  fufficient  quantity  of  wa- 
ter, becaufe  there  will  then  be  water  enough  to  diflblve  it. 
But  the  cafe  is  not  the  fame  when  the  precipitation  is  made 
by  the  marine  acid ;  for  Silver  combined  therewith  is  fcarce 
foluble  in  water. 

This  Precipitate  of  Silver,  procured  by  means  of  the  ma- 
rine acid,  is  very  eaiily  fufed,  and  when  fufed  changes  to  a 
fubftance  in  fome  meafure  tranfparent  and  flexible,  which 
hath  occaGoned  it  to  be  called  by  the  name  of  Luna  Cornea, 
If  it  be  propofed  to  decompound  this  tuna  cornea^  that  is,  to 
feparate  the  marine  acid  from  the  Silver  with  which  it  u 
united,  the  lima  cornea  muft  be  melted  along  with  fatty  and 
abforbent  matters,  with  which  the  acid  will  unite,  and  leave 
the  metal  exceeding  pure. 

It  muft  be  obferved,  that  if,  in'ftcad  of  the  marine  acid, 
fea-falt  in  fubftance  be  added  to  a  folution  of  Silver  in  the 
nitrous  acid,  a  Precipitate  is  alfo  produced,  which  by  fufion 
appears  to  be  a  true  luna  cornea.  The  reafon  is,  that  the 
fea-falt  is  decompofed  by  the  nitrous  acid,  which  feizes  its 
bafis,  as  having  a  greater  affinity  therewith  than  its  own  acid 
hath ;  and  this  acid  being  coniequcntly  difengaged  and  fet  at 
liberty  unites  with  the  Silver,  which,  as  has  been  fhewn, 
has  a  greater  affinity  with  it  than  with  the  nitrous  acid.  This 
is  an  inftance  of  decomposition  effected  by  means  of  one  of 
thofe  double  affinities  mentioned  by  us  in  our  feventh  propo- 
rtion concerning  Affinities. 

From  what  hath  been  already  faid  it  is  clear,  that  all  thefe 
combinations  of  Silver  with  acids  may  be  decompounded  by 
abforbent  earths  and  by  fixed  alkalis;  it  being  a  general  law 
with  regard  to  all  metallic  fubftances.  We  fhail  not  there- 
fore repeat  this  obfervation  when  we  come  to  treat  of  the 
other  metals ;  unlefs  fome  particular  occafion  require  it. . 

F  With 
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With  regard  to  Silver  Imaft  take  notice  that,  when  fepa- 
rated  by  thefe  means  from  the  acids  in  which  it  was  diiTolv- 
ed,  it  requires  nothing  but  fimple  fufion  to  reftore  it  to  its 
ufual  form  ;  becaufe  it  does  not,  any  more  than  Gold,  lofe 
its  Phlogifton  by  thofe  folutions  and  precipitations. 

Silver  unites  with  fulphur  in  fufion.  If  this  metal  be  on- 
ly made  red-hot  in  a  crucible,  and  fulphur  be  then  added,  it 
immediately  flows  ;  the  fulphur  acting  as  a  flux  to  it.  Silver 
thus  united  with  fulphur  forms  a  mafs  that  may  be  cut,  is 
half  malleable,  arid  hath  nearly  the  colour  and  confidence  of 
Lead.  If  this  fulphurated  Silver  be  kept  a  long  time  in  fu- 
fion, and  in  a  great  degree  of  heat,  the  fulphur  flies  off  and 
leaves  the  Silver  pure.  But  if  the  fulphur  be  evaporated  by 
a  violent  heat,  it  carries  off  with  it  part  of  the  Silver. 

Silver  unites  and  mixes  perfectly  with  Gold  in  fufion. 
The  two  metals  thus  mixed  form  a  compound  with  proper- 
ties partaking  of  both. 

Metallurgifts  have  hitherto  fought  in  vain  for  a  perfectly 
good  and  eafy  method  of  feparating  thefe  two  metals  by  the 
dry  -way  only :  (this  term  is  ufed  to  fignify  all  operations 
performed  by  fufion) :  but  they  are  conveniently  enough 
parted  by  the  moift  way,  that  is,  by  acid  folvents.  This  me- 
thod is  founded  on  the  above-mentioned  properties  of  Gold 
and  Silver  with  refpe£t  to  acids.  It  hath  been  (hewn  that 
aqua  regis  only  will  diffolve  Gold  ;  that  Silver,  on  the  con- 
trary, is  not  foluble  by  aqua  regis,  and  that  its  proper  folvent 
is  the  acid  of  nitre ;  confequently,  when  Gold  and  Silver 
are  mixed  together,  if  the  compound  mafs  be  put  into  aqua 
fortis,  this  acid  will  take  up  all  the  Silver,  without  difiblv- 
ing  a  particle  of  the  Gold,  which  will  therefore  remain  pure; 
and  by  this  means  the  defired  feparation  is  effe&ed.  This 
method,  which  is  commonly  made  ufe  of  by  Goldfmiths, 
and  in  Mints,  is  called  the  Parting  Affay. 

It  is  plain,  that  if  aqua  regis  were  employed  inftead  of 
aqua  fortis,  the  feparation  would  be  equally  effe&ed  •,  and 
that  the  only  difference  between  this  procefs  and  the  former 
would  confifl  in  this,  that  now  the  Gold  would  be  diflolved, 
and  the  Silver  remain  pure.  But  the  operation  by  aqua  for- 
tis  is  preferable  ;  becaufe  aqua  regis  does  take  up  a  little 
Silver,  whereas  aqua  fortis  hath  not  the  leaft  effect  on 
Gold. 

It  muft  be  obferved,  that,  when  Gold  and  Silver  are  mix- 
ed together  in  equal  parts,  they  cannot  be  parted  by  the 
means  of  aqua  fortis.  To  enable  the  aqua  fortis  to  adt 
duly  on  the  Silver,  this  metal  muft  be,  at  leaft,  in  a-  triple 

proportion 
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proportion  to  the  Gold.  If  it  be  in  a  lefs  proportion,  you 
muft  either  employ  aqua  regis  to  make  the  feparation,  or,  if 
you  prefer  the  ufe  of  aqua  fortis,  melt  the  metalline  mafs, 
and  add  as  much  Silver  as  is  neceflary  to  make  up  the  pro- 
portion above-mentioned:  and  hence  this  Procefs  is  called 
ghtartation. 

This  effect:,  which  is  pretty  fingular,  probably  arifes  from 
hence,  that  when  the  Gold  exceeds  or  even  equals  the  Silver 
in  quantity,  the  parts  of  both  being  intimately  united,  the 
former  are  capable  of  coating  over  the  latter,  and  covering 
them  fo  as  to  defend  them  from  the  action  of  the  aqua  for- 
tis;  which  is  not  the  cafe  when  there  is  thrice  as  much  Sil- 
ver as  Gold. 

There  is  one  thing  more  to  be  taken  notice  of  with  regard 
to  this  procefs  5  which  is,  that  perfectly  pure  aqua  fortis  'is 
rarely  to  be  met  with,  for  two  reafons;  firft,  it  is  difficult  in 
making  it  wholly  to  prevent  the  rifing  of  the  medium  em- 
ployed to  difengage  the  nitrous  acid ;  that  is,  a  little  of  the 
vitriolic  acid  will  mix  with  the  vapours  of  the  aqua  fortis  : 
fecondly,  unlefs  the  faltpetre  be  very  well  purified  it  will  al- 
ways hold  fome  fmall  portion  of  fea-falt,  the  acid  of  which, 
we  know,  is  very  readily  fet  loofe  by  the  vitriolic  acid,  and 
confequently  rifes  together  with  the  vapours  of  the  aquafor- 
tis. It  is  eafy  to  fee  that  aqua  fortis  mixed  either  with  the 
one  or  the  other  is  not  proper  for  the  Parting  Procefs  ; 
becaufe,  as  has  juft  been  faid,  the  vitriolic  and  the  marine 
acid  equally  precipitate  Silver  diflblved  in  the  nitrous  acid ; 
by  which  means,  when  they  are  united  with  that  acid,  they 
weaken  its  action  upon  the  Silver,  and  hinder  the  difiblu- 
tion.  Add,  that  aqua  fortis  adulterated  with  a  mixture  of 
fpirit  of  fait  becomes  an  aqua  regis,  and  confequently  is 
rendered  capable  of  diflblving  Gold,  in  proportion  as  its  ac- 
tion upon  Silver  is  diminimed. 

In  order  to  remedy  this  inconvenience,  and  free  aquafor- 
tis from  the  vitriolic  or  marine  acid  with  which  it  is  tainted, 
Silver  muft  be  diflblved  therein  :  by  degrees  as  the  metal 
diflblves,  thofe  heterogeneous  acids  lay  hold  of  it,  and  pre- 
cipitate with  it  in  the  form  of  a  white  powder,  as  we  ob- 
ferved  before.  This  precipitate  being  wholly  fallen,  the  li- 
quor grows  clear  ;  after  which,  if  it  be  found  capable  of 
diflblving  more  filver,  without  turning  milky,  it  may  be  de- 
pended on  as  a  perfectly  pure  aqua  fortis.  Then  nitre  it, 
diflblve  more  Silver  in  it,  as  long  as  it  will  take  up  any, 
and  you  will  have  a  folution  of  Silver  in  a  very  pure  aqua 
fortis.     By  means  of  this  folution  may  other  aqua  fortis  oe 

F  2  purified  ; 
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purified  :  for  pour  a  few  drops  thereof  into  a  very  impure 
aqua  fortis^  and  immediately  the  vitriolic  or  marine  acid, 
with  which  that  aqua  fcrtis  is  contaminated,  will  join  the 
Silver  and  fall  therewith  to  the  bottom.  When  the  folution 
of  Silver,  prepared  as  above,  does  not  in  the  lcaft  affect  the 
tranfparency  of  the  aqua  fortis,  it  is  then  very  pure,  and 
fit  for  the  purpofes  of  Quartation. 

This  operation  of  purifying  aqua  fortis  by   a   folution   of 
Silver  is  called   the  Precipitation  of  Aqua  Fortis ,   and  aqua 
fortis  thus  purified  is  called  Precipitated  Aqua  Fortis. 

Wfee«  Silver  is  diffolved  in  aqua  fortis  it  may  be  feparat- 
ed  therefrom,  as  hath*  been  fhewn,  by  abforbent  earths  and 
fixed  alkalis. 

We  ihall  fee  by  and  by  that  there  are  other  means  of  ef* 
feeding  this  :  but  whatever  way  it  be  feparated  from  its  fol- 
yent  it  recovers  its  metalline  form,  as  Gold  does,  by  being 
{imply  fufed  without  any  additament. 

SECTION     in, 

Of    Copper. 

Of  all  the  imperfect  metals  Copper  comes  the  neareft  to 
Gold  and  Silver.  Its  natural  colour  is  a  deep-red  yellow. 
It  refifts  a  very  violent  degree  of  fire  for  a  eonfiderable  time  5 
but  lofing  its  phlogiften  at  laft,  it  changes  its  metalline  form 
for  that  of  a  calx,  or  a  pure  reddifh  earth.  This  calx  is 
hardly,  if  at  all,  reducible  to  glafs,  without  the  addition  of 
fomething  to  promote  its  fufion  ;  all  that  the  fiercefr.  heat 
can  do  being  only  to  render  it  foft.  Copper,  even  while  it 
retains  its  metalline  form,  and  is  very  pure,  requires  a  eon- 
fiderable degree  of  fire  to  melt  it,  and  does  not  begin  to  flow 
till  long  after  it  is  red-hot.  When  in  fufion,  it  communi- 
cates a  greenifh  colour  to  the  flame  of  the  coals. 

This  metal  is  inferior  to  Silver  in  point  of  gravity;  nor  is 
its  ductility  fo  great,  though  it  be  pretty  eonfiderable :  but, 
On  the  other  hand,  it  exceeds  that  metal  in  hardnefs.  It  unites 
readily  with  Gold  and  silver;  nor  does  it  greatly  leffen  their 
beauty  when  added  to  them  in  a  fmall  quantity :  nay,  it  e- 
yen  procures  them  fome  advantages  \  fuch  as  making  them 
harder,  and  lefs  fubject  to  lofe  their  ductility,  of  which  thofe 
metals  are  often  liable  to  be  deprived,  by  the  mixture  of  the 
fmaileft  heterogeneous  particle.  This  may  probably  arife 
from  hence,  that  the  du&ility  of  Copper  has  the  peculiarity 
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of  reti fling  mod  of  thofe  caufes  which  rob  the  perfect  metals 
of  theirs 

The  property,  which  other  metalline  fubftances  have  in 
common  with  Copper,  of  lofmg  the  phlogifton  by  calcining 
and  then  vitrifying,  furnifhes  us  with  a  method  of  feparat- 
mg  them  from  Gold  and  Silver,  when  they  are  combined 
therewith.  Nothing  more  is  required  than  to  expofe  the 
mafs  compounded  of  the  perfect  metals  and  other  metalline 
fubftances  to  a  degree  of  heat  fufheient  to  calcine  whatever 
is  not  either  Gold  or  Silver.  It  is  evident,  that,  by  this 
means,  thefe  two  metals  will  be  obtained  as  pure  as  is  poffi- 
b!e;  for,  as  hath  already  been  faid,  no  metalline  calx  or 
glafs  is  capable  of  uniting  with  metals  pofTefTed  of  their 
phlogifton.  On  this  principle  is  formed  the  whole  bufinefs 
of  refining  Gold  and  Silver. 

When  the  perfect  metals  have  no  other  alloy  but  Copper, 
as  this  metal  is  not  to  be  calcined  or  vitrified  without  great 
difficulty,  which  is  increafed  by  its  union  with  the  unvitrifi- 
able  metals,  it  is  eafy  to  fee  that  it  is  almoft  impofiible  to 
feparate  them  without  adding  fomething  to  facilitate  the  vi- 
trification of  the  Copper.  Such  metals  as  have  the  property 
of  turning  eafily  to  glafs  are  very  fit  for  this  purpofe  $  and  it 
is  necefiary  to  add  a  certain  quantity  thereof,  when  Gold  or 
Silver  is  to  be  purified  from  the  alloy  of  Copper.  We  fhali 
have  occafion  to  be  more  particular  on  this  fubjecl:  when  we 
come  to  treat  of  Lead. 

Copper  is  foluble  in  all  the  acids,  to  which  it  communis 
eates  a  green  colour,  and  fometimes  a  blue.  Even  the  neu- 
tral falts,  and  water  itfelf,  act  upon  this  metal.  With  re- 
gard to  water  indeed,  as  the  procuring  it  abfolutely  pure  and 
free  from  any  faline  mixture  is  next  to  an  impoflibility,  it  re- 
mains a  queftion  whether  the  effect  it  produces  on  Copper 
be  not  owing  to  certain  faline  particles  contained  in  it.  It 
is  this  great  facility  of  being  difiblved  that  renders  Copper  fo 
fubje£t  to  ruft;  which  is  nothing  elfe  but  fome  parts  of  its 
fuiface  corroded  by  faline  particles  contained  in  the  furround- 
ing  air  and  water. 

The  ruft  of  Copper  is  always  green  or  blue,  or  of  a  co- 
lour between  thefe  two..  Internally  ufed  it  is  very  noxious, 
being  a  real  poifon,  as  are  all  the  folutions  of  this  metal 
made  by  any  acid  whatever.  The  blue  colour  which  Copper 
conftantly  aflumes,  when  corroded  by  any  faline  fubftance,  is 
a  fure  fign  by  which  it  may  be  difcovered  wherever  it  e:.ifts, 
even  in  a  very  frnall  quantity. 

Coppe; 


46  ELEMENTS     of     the        Chap.  7. 

Copper  diflblved  in  the  vitriolic  acid  forms  a  kind  of  me- 
talline fait,  which  fhoots  into  rhomboidal  cryftals  of  a  moft 
beautiful  blue  colour.  Thefe  cryftals  are  called  Blue  Vitriol, 
or  Vitriol  of  Copper.  They  are  fometimes  found  ready  form- 
ed in  the  bowels  of  the  earth ;  and  may  be  artificially  made 
by  diflblving  Copper  in  the  vitriolic  acid ;  but  the  folution 
will  not  fucceed  unlefs  the  acid  be  well  dephlegmated.  The 
tafte  of  this  vitriol  is  faltifh  and  aftringent.  It  retains  a  con- 
fiderable  quantity  of  water  in  cryftallizing,  on  which  account 
it  is  eafily  rendered  fluid  by  fire. 

It  muft  be  obferved,  that,  when  it  is  expofed  to  a  certain 
degree  of  heat,  in  order  to  free  it  of  its  humidity,  a  great 
part  of  its  acid  flies  ofF  at  the  fame  time :  and  hence  it  is 
that,  after  calcination,  there  remains  only  a  kind  of  earth, 
or  metalline  calx,  of  a  red  colour,  which  contains  but  very 
little  acid.  This  earth  cannot  be  brought  to  flow  but  with 
the  greateft  difficulty. 

A  folution  of  Copper  in  the  nitrous  acid  forms  a  fait  which 
does  not  cryftallize,  but,  when  dried,  powerfully  attracts  the 
moifture  of  the  air.  The  fame  thing  happens  when  it  is  dif- 
lblved in  the  fpirit  of  fait,  or  in  aqua  regis. 

If  the  Copper  thus  diflblved  by  any  of  thefe  acids  be  preci- 
pitated by  an  earth  or  an  alkali,  it  retains  nearly  the  colour 
it  had  in  the  folution :  but  thefe  precipitates  are  fcarce  any 
thing  more  than  the  earth  of  Copper,  or  Copper  deprived  of 
moil  of  its  phlogifton ;  fo  that  if  they  were  expofed  to  a  vio- 
lent fire,  without  any  additament,  a  great  part  of  them 
would  be  converted  into  an  earth  that  could  never  be  redu- 
ced to  a  metalKne  form.  Therefore,  when  we  intend  to  re- 
duce thefe  precipitates  to  Copper,  it  is  neceflary  to  add  a  cer- 
tain quantity  of  a  fubftance  capable  of  reftoring  to  them  the 
phlogifton  they  have  loft. 

The  fubftance  which  hath  been  found  fitted  for  fuch  re- 
ductions is  charcoal-duft  j  becaufe  charcoal  is  nothing  but  a 
phlogifton  clofely  combined  with  an  earth,  which  renders  it 
exceedingly  fixed,  and  capable  of  refilling  a  violent  force  of 
fire.  But  as  charcoal  will  not  melt,  and  confequently  is  ca- 
pable of  preventing  rather  than  forwarding  the  flux  of  a  me- 
talline calx  or  glafs,  which  neverthelefs  is  efientially  neceflary 
to  complete  the  reduction,  it  hath  been  contrived  to  mix  it, 
or  any  other  fubftance  containing  the  phlogifton,  with  fuch  fix- 
ed alkalis  as  eafily  flow,  and  are  fit  to  promote  the  flux  of 
Other  bodies.  Thefe  mixtures  are  called  Reducing  Fluxes  ; 
becaufe  the  general  name  of  Fluxes  is  given  to  all  faits  or 
mixtures  of  falts,  which  facilitate  fuiion. 

If 
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If  Sulphur  be  applied  to  Copper  made  perfectly  red-hot, 
the  metal  immediately  runs ;  and  thefe  two  fubftances  unit- 
ing form  a  new  compound  much  more  fufible  than  pure 
Copper. 

This  compound  is  deftroyed  by  the  fole  force  of  fire,  for 
two  reafons  :  the  firft  is,  that,  fulphur  being  volatile,  the  fire 
is  capable  of  fubliming  a  great  part  of  it,  efpecially  when  it 
is  in  a  great  proportion  to  the  Copper  with  which  it  is  join- 
ed ;  the  fecond  is,  that  the  portion  of  fulphur  which  remains, 
being  more  intimately  united  with  the  Copper,  though  it  be 
rendered  lefs  combuflible  by  that  union,  is  neverthelefs  burnt 
and  confumed  in  time.  Copper  being  combined  with  ful- 
phur, and  together  with  it  expofed  to  the  force  of  fire,  is 
found  to  be  partly  changed  into  a  blue  vitriol ;  becaufe  the 
vitriolic  acid,  being  difengaged  by  burning  the  fulphur,  is  by 
that  means  qualified  to  diflblve  the  Copper.  The  affinity  of 
Copper  with  fulphur  is  greater  than  that  of  Silver. 

This  metal,  as  well  as  the  other  imperfect  metals  and  the 
femi-metals,  being  mingled  with  nitre  and  expofed  to  the 
fire,  is  decompofed  and  calcined  much  fooner  than  by  itfelf ; 
becaufe  the  phlogifton  which  it  contains  occafions  the  defla- 
gration of  the  nitre,  and  confequently  the  two  fubftances 
mutually  decompofe  each  other.  There  are  certain  metalline 
fubftances  whofe  phlogifton  is  fo  abundant,  and  fo  weakly 
connected  with  their  earth,  that  when  they  are  thus  treated 
with  nitre,  there  arifes  immediately  a  detonation,  accompa- 
nied with  flame,  and  as  violent  as  if  fulphur  or  charcoal-duft 
had  been  employed ;  fo  that  in  a  moment  the  metalline  fub- 
flance  lofes  its  phlogifton,  and  is  calcined.  The  nitre,  after 
thefe  detonations,  always  afiumes  an  alkaline  character. 

SECTION    IV. 

Of    Iron. 

Iron  is  lighter  and  lefs  ductile  than  Copper;  but  it  is 
much  harder,  and  of  more  difficult  fufion. 

It  is  the  only  body  that  has  the  property  of  being  attracted 
by  the  magnet,  which  therefore  ferves  to  difcover  it  wherever 
it  is.  But  it  muft  be  obferved,  that  it  hath  this  property  on- 
ly when  in  its  metalline  ftate,  and  lofes  it  when  converted  to 
an  earth  or  calx.  Hence  very  few  Iron-ores  are  attracted  by 
the  load-ftone  :  becaufe,  for  the  moft  part,  they  are  only  forts 
of  earths,  which  require  a  phlogifton  to  be  added  before  they 
can  be  brought  to  the  form  of  true  Iron. 

When 
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When  Iron  hath  undergone  no  other  preparation  but  the 
fufion  which  is  neceiTary  to  fmelt  it  from  its  ore,  it  is  ufually 
quite  brittle,  and  flies  to  pieces  under  the  hammer :  which 
arifes  in  fome  meafure  from  its  containing  a  certain  portion 
of  un metallic  earth  interpofed  between  its  parts.  This  we 
call  Pig  Iron. 

By  melting  this  a  fecond  time  it  is  rendered  purer,  and 
more  free  from  heterogeneous  matters  :  but  ftill,  as  its  pro- 
per parts  are  probably  not  brought  fufficiently  near,  or  clofe- 
5y  enough  united,  till  the  Iron  hath  undergone  fome  further 
preparation  befides  that  of  fufion,  it  feldom  hath  any  degree 
of  malleability. 

The  way  to  give  it  this  property  is  to  make  it  juft  red-hot, 
and  then  hammer  it  for  fome  time  in  all  directions;  to  the 
end  that  its  parts  may  be  properly  united,  incorporated,  and 
-welded  together,  and  that  the  heterogeneous  matters  which 
keep  them  afunder  may  be  feparated.  Iron  made  by  this 
means  as  malleable  as  pofiible  we  call  Bar  Iron,  or  Forged 
Iron, 

Bar  Iron  is  ftill  harder  to  fufe  than  Pig  Iron  :  to  make  it 
flow  requires  the  utmoft  force  of  fire. 

Iron  has  the  property  of  imbibing  a  greater  quantity  of 
phlogiflon  than  is  neceflary  to  give  it  the  metalline  form.  It 
may  be  made  to  take  in  this  Superabundant  phlogiflon  two 
ways :  the  flrft  is  by  fufing  it  again  with  matters  that  contain 
the  phlogiflon ;  the  fecond  is,  by  encompafling  it  with  a 
quantity  of  fuch  matters,  charcoal-dud,  for  inftance,  and 
then  expofing  it  fo  encompafled,  for  a  certain  time,  to  a  de- 
gree of  fire  barely  fufficient  to  keep  it  red-hot.  This  fecond 
method,  whereby  one  fubftance  is  incorporated  with  another 
by  means  of  fire,  but  without  fufing  either  of  them,  is  in 
general  called  Cementation. 

Iron  thus  impregnated  with  an  additional  quantity  of  phlo- 
giflon is  called  Steel.  The  hardnefs  of  Steel  may  be  confi- 
derably  augmented  by  tempering  it ;  that  is,  by  making  it 
red-hot,  and  fuddenly  quenching  it  in  fome  cold  liquor.  The 
hotter  the  metal,  and  the  colder  the  liquor  in  which  it  is 
quenched,  the  harder  will  the  Steel  be.  By  this  means  tools 
are  made,  fuch  as  files  and  fheers,  capable  of  cutting  and  di- 
viding the  hardeft  bodies,  as  glafs,  pebbles,  and  Iron  itfelf. 
The  colour  of  Steel  is  darker  than  that  of  Iron,  and  the  fa- 
cets which  appear  on  breaking  it  are  fmaller.  It  is  alfo  lefs 
dudtile  and  more  brittle,  efpecially  when  tempered. 

As  Iron  may  be  impregnated  with  an  additional  quantity 

of  phlogiflon,  and  therebv  converted  into  Steel,  fo  may  Steel 

i  be 
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be  again  deprived  of  that  fuperabundant  phlogifton,  and 
brought  back  to  the  condition  of  Iron.  This  is  effected  by 
cementing  it  with  poor  earths,  fuch  as  calcined  bones  and 
chalk.  By  the  fame  operation  Steel  may  be  untempered ,- 
nay,  it  will  lofe  the  hardnefs  it  had  acquired  by  tempering, 
if  it  be  but  made  red-hot,  and  left  to  cool  gradually.  As 
Iron  and  Steel  differ  only  in  the  refpe&s  we  have  here  taken 
Notice  of,  their  properties  being  in  all  other  refpefts  the  fame, 
what  follows  is  equally  applicable  to  both. 

Iron  being  expofed  to  the  action  of  fire  for  fome  time,  es- 
pecially when  divided  into  ffna'll  particles,  fuch  2s  filings,  is 
Calcined  and  lofes  its  phlogifton.  By  this  means  it  turns  to 
a  kind  of  reddifh  yellow  earth,  which,  on  account  of  its  co- 
lour, is  called  Crocus  Mart  is ,  or  Saffron  of  Mars. 

This  calx  of  Iron  has  the  lingular  property  of  flowing  in 
the  fire  with  fomewhat  lefs  difficulty  than  Iron  itfelf;  where- 
as every  other  metalline  calx  flows  with  lefs  eafe  than  the 
metal  that  produced  it.  It  has  moreover  the  remarkable  pro- 
perty of  uniting  with  the  phlogifton,  and  of  being  reduced 
to  Iron  without  fufion ;  requiring  for  that  purpofe  only  to  bs 
made  red-hot. 

Iron  may  be  incorporated  with  Silver,  and  even  with  Gold, 
by  means  of  certain  operations-.  Under  the  article  of  Lead 
we  fhall  fee  how  it  may  be  feparated  from  thefe  metals. 

The  acids  produce  on  it  much  the  fame  effects  as  on  Cop- 
per ;  every  one  of  them  a£ts  upon  it.  Certain  neutral  falts, 
alkalis,  and  even  water  itfelf,  are  capable  of  diffolving  it; 
and  hence  it  is  alfo  very  fubje£f.  to  ruff.  The  vitriolic  acid 
diifolves  it  \^ith  the  greateft  eafe :  but  the  circumflances 
which  attend'  the  folution  thereof  are  different  from  thofe 
with  which  the  fame  Acid  diffolves  Copper:  for,  r.  whereas 
the  vitriolic  acid  muft  be  concentrated  to  diflblve  Copper,  it 
muff  on  the  contrary  be  diluted  with  water  to  diffolve  Iron, 
which  it  will  not  touch  when  well  dephlegmated.  2.  The 
vapours  which  rife  in  this  diifolution  are  inflammable;  fo 
that  if  it  be  made  in  a  fmall-necked  bottle,  and  the  flame  of 
a  candle  be  applied  to  the  mouth  thereof,  the  vapours  in  the 
bottle  take  fire  with  fuch  rapidity  as  to  produce  a  eonfiderable 
explofion. 

This  folution  is  of  a  beautiful  green  colour ;  and  from  this 
union  of  the  vitriolic  acid  with  Iron  there  refults  a  neutral 
metalline  fait,  which  has  the  property  of  mooting  into  cry- 
Hals  of  a  rhomboidal  figure,  and  a  green  colour.  Thefe  cry- 
ftals  are  callsd  Green  Vitriol)  Vitriol  of  Mars,  and  Cop- 
peras. 

G  Green 
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Green  Vitriol  hath  a  faltifh  and  aftringent  tafte.  As  it 
retains  a  great  deal  of  water  in  crystallizing,  it  quickly  flows 
by  the  action  of  fire :  but  this  fluidity  is  owing  to  its  water 
only,  and  is  not  a  real  fufion ;  for,  as  foon  as  its  moifture  is 
evaporated,  it  refumes  a  folid  form.  Its  green  tranfparent 
colour  is  now  changed  into  an  opaque  white :  and,  if  the 
calcination  be  continued,  its  acid  alfo  exhales  and  is  diflipat- 
ed  in  vapours ;  and  as  it  lofes  that,  it  turns  gradually  to  a 
yellow  colour,  which  comes  fo  much  the  nearer  to  a  red  the 
longer  the  calcination  is  continued,  or  the  higher  the  force 
of  the  fire  is  raifed ;  which  being  driven  to  the  utmoft,  what 
remains  is  of  a  very  deep  red.  This  remainder  is  nothing 
but  the  body  of  the  Iron,  which  having  loft  its  phlogiflon  is 
now  no  more  than  an  earth,  nearly  of  the  fame  nature  with 
that  which  is  left  after  calcining  the  metal  itfelf. 

Green  Vitriol  difTolved  in  water  fpontaneoufly  lets  fall  a 
yellowifli  earthy  fediment.  If  this  folution  be  defecated  by 
filtration,  it  ftill  continues  to  depofite  fome  of  the  fame  fub- 
ftance,  till  the  vitriol  be  wholly  decompofed.  This  fediment 
is  nothing  but  the  earth  of  Iron,  which  is  then  called  Ochre. 

The  nitrous  acid  difTolves  Iron  with  great  eafe.  This  fo- 
lution is  of  a  yellow  colour,  inclining  more  or  Iefs  to  a  rinTet, 
or  dark-brown,  as  it  is  more  or  lefs  faturated  with  Iron. 
Iron  difTolved  by  this  acid,  alfo,  falls  fpontaneoufly  in  a  kind 
of  calx,  which  is  incapable  of  being  difTolved  a  fecond  time  ; 
for  the  nitrous  acid  will  not  act  upon  Iron  that  has  loft  its 
phlogiflon.  This  folution  does  not  cryftallize,  and  if  eva-- 
porated  to  drynefs  attracts  the  moifture  of  the  air. 

Spirit  of  fait  likewife  di  fib  Ives  Iron,  and  this  folution  is 
green.  The  vapours  which  rife  during  the  diffoluuon  are 
inflammable,  like  thofe  which  afcend  when  this  metal  is  at- 
tacked by  the  vitriolic  acid.  Aqiia  regis  makes  a  folution  of 
Iron,  which  is  of  a  yellow  colour. 

Iron  hath  a  greater  affinity  than  either  Silver  or  Copper 
with  the  nitrous  and  vitriolic  acids  :  fo  that  if  iron  be  pre- 
fented  to  a  folution  of  either  in  one  of  thefe  two  acids,  the 
difTolved  metal  will  be  precipitated  ;  becaufe  the  acid  quits 
it  for  the  Iron,  with  which  it  has  a  greater  affinity. 

On  this  occafion  it  mult  be  obferved,  that  if  a  folution  of 
Copper  in  the  vitriolic  acid  be  precipitated  by  means  of  Iron, 
the  precipitate  has  the  form  and  fplendour  of  a  metal,  and 
does  not  require  the  addition  of  a  phlogiflon  to  reduce  it  to 
true  Copper;  which  is  not  the  cafe,  as  has  been  fhewn, 
when  the  precipitation  is  effected  by  earths  or  alkaline  falts. 

The 
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The  colour  of  this  metalline  precipitate  hath  deceived  fe- 
veral  perfons,  who  being  unacquainted  with  fuch  phenome- 
na, and  with  the  nature  of  blue  vitriol,  imagined  that  Iron 
was  tranfmuted  into  Copper,  when  they  faw  a  bit  of  Iron 
laid  in  a  folution  of  that  vitriol  become,  in  form  and  exter- 
nal appearance,  exactly  like  Copper  :  whereas  the  furface  on- 
ly of  the  Iron  was  crufted  over  with  the  particles  of  Copper 
contained  in  the  vitriol,  which  had  gradually  fallen  upon  and 
adhered  to  the  Iron,  as  they  were  precipitated  out  of  the  fo- 
lution. 

Among  the  folvents  of  Iron  we  mentioned  fixed  alkalis ; 
and  that  they  have  fuch  a  power  is  proved  by  the  following 
phenomenon.  If  a  large  proportion  of  alkaline  falts  be  fnd- 
denly  mixed  with  a  folution  of  Iron  in  an  acid,  no  precipi- 
tation enfues,  and  the  liquor  remains  clear  and  pellucid ;  or 
if  at  firft  it  look  a  little  turbid,  that  appearance  lafts  but  a 
moment,  and  the  liquor  prefently  recovers  its  tranfparency. 
The  reafon  is,  that  the  quantity  of  alkali  is  more  than  fuffi- 
cient  to  faturate  all  the  acid  of  the  folution,  and  the  fuper- 
abundant  portion  thereof,  meeting  with  the  Iron  already  fine- 
ly divided  by  the  acid,  diffolves  it  with  eafe  as  fall  as  it  falls* 
And  fo  prevents  its  muddying  the  liquor.  To  evince  that  this 
is  fo  in  fa£t,  let  the  alkali  be  applied  in  a  quantity  that  is  not 
fufficient,  or  but  barely  fufficient,  to  faturate  the  acid,  and 
the  Iron  will  then  precipitate  like  any  other  metal. 

Water  alio  acts  upon  Iron ;  and  therefore  Iron  expofed  to 
moilture  grows  rufty.  If  iron -filings  be  expofed  to  the  dew, 
they  turn  wholly  to  a  ruff,  which  is  called  Crocus  Martis 
Aperiens. 

Iron  expofed  to  the  fire  together  witb  nitre  makes  it  deto- 
nate pretty  brifkly,  fets  it  in  a  flame,  and  decompofes  it  with 
rapidity. 

This  metal  hath  a  greater  affinity  than  any  other  metalline 
fubftance  with  fulphur ;  on  which  account  it  is  fuccefsfuliy 
ufed  to  precipitate  and  feparate  all  metalline  fubfhnces  com- 
bined with  fulphur. 

Sulphur  uniting  with  Iron  communicates  to  it  fuch  a  de- 
gree of  fufibility,  that  if  a  mafs  of  this  metal  heated  red-hot 
be  rubbed  with  a  bit  of  fulphur,  it  inceflantly  runs  into  as 
perfect,  a  fufion  as  a  metal  expofed  to  the  focus  of  a  large 
burning-glais. 


G2  SECTION 


5*  ELEMENTS     of     the  Chap.  7. 

SECTION    V. 

Of    Tin. 

Tin  is  the  lighteft  of  all  metals.  Though  it  yields  eafily 
to  the  impreflion  of  hard  bodies,  it  has  but  little  ductility. 
Being  bent  backwards  and  forwards  it  makes  a  fmall  crack- 
ling noife.  It  flows  with  a  very  moderate  degree  of  fire,  and 
long  before  it  comes  to  be  red-hot.  When  it  is  in  fufion, 
its  furface  foon  grows  dufty,  and  there  forms  upon  it  a  thin 
dark-coloured  dufty  pellicle,  which  is  no  other  than  a  part 
of  the  Tin  that  has  loft  its  phlogifton,  or  a  calx  of  Tin.  The 
metal  thus  calcined  eafily  recovers  its  metalline  form  on  the 
addition  of  a  phlogifton.  If  the  calx  of  Tin  be  urged  by  a 
ilrong  fire  it  grows  white,  but  the  greateft  violence  of  heat 
will  not  fufe  it ;  which  makes  fome  Chymifts  confider  it  as  a 
calculable  or  abforbent  earth,  rather  than  a  vitrifiable  one. 
Yet  it  turns  to  glafs,  in  fome  fort,  when  mixed  with  any  o- 
ther  fubftance  that  vitrifies  eafily.  However,  it  always  pro* 
duces  an  imperfect  glafs  only,  Avhich  is  not  at  all  tranfpa- 
rent,  but  of  an  opaque  white.  The  calx  of  Tin  thus  vitri* 
fied  is  called  Enamel  Enamels  are  made  of  feveral  colours 
by  the  addition  of  this  or  that  metalline  calx. 

Tin  unites  eafily  with  all  the  metals ;  but  it  deftroys  the 
ductility  and  malleability  of  every  one  of  them?  Lead  except- 
ed. Nay,  it  pofieffes  this  property  of  making  metals  brittle 
in  fuch  an  eminent  degree,  that  the  very  vapour  of  it,  when 
in  fufion,  is  capable  of  producing  this  effect.  Moreover, 
which  is  very  fingular,  the  moft  ductile  metals,  even  Gold 
and  Silver,  are  thofe  on  which  it  works  this  change  with  the 
moft  eafe,  and  in  the  greateft  degree.  It  has  alfo  the  pro- 
perty of  making  Silver  mixed  with  it  flow  over  a  very  fmall 
fire. 

It  adheres  to,  and  in  fome  meafure  incorporates  with,  the. 
furface  of  Copper  and  of  Iron  ;  whence  arofe  the  practice  of 
coating  over  thofe  metals  with  Tin.  Tin  plates  are  no  other 
than  thm  plates  of  Iron  tinned  over. 

If  to  twenty  parts  of  Tin  one  part  of  Copper  be  added, 
this  alloy  renders-,  it  much  more  folid,  and  the  mixed  mafs 
continues  tolerably  ductile. 

If,  on  the  contrary,  to  one  part  of  Tin  ten  parts  of  Copper 
be  added,  together  with  a  little  Zink,  a  iemi- metal  to  be 
confidered  hereafter,  from  this  combination  there  refults  3 
metalline  compound  which  is  hard,  brittle,  and  very  fonor- 
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ous  ;  fo  that  it  is  ufed  for  calling  bells  :  this  compofition  is 
called  Bronze  and  Bell-metal. 

Tin  hath  an  affinity  with  the  vitriolic,  nitrous,  and  marine 
acids.  All  of  them  attact.  and  corrode  it;  yet  none  of  them 
is  able  to  diiiblve  it  without  great  difficulty:  fo  that  if  a  clear 
folution  thereof  be  defired,  particular  methods  mud  be  em- 
ployed for  that  purpofe;  for  the  acids  do  but  in  a  manner 
calcine  it,  and  convert  it  to  a  kind  of  white  calx  or  precipi- 
tate. The  folvent  which  has  the  greateft  power  over  it  is 
aqua  regis,  which  has  even  a  greater  affinity  therewith  than 
with  Gold  itfelf;  whence  it  follows,  that  Gold  diflbived  in. 
aqua  regis  may  be  precipitated  by  means  of  Tin ;  but  then 
the  aqua  regis  mud  be  weakened.  Gold  thus  precipitated 
by  Tin  is  of  a  mod  beautiful  colour,  and  is  ufed  for  a  red  in 
enameling  and  painting  on  porcelain,  as  alfo  to  give  a  red 
colour  to  artificial  gems.  If  the  aqua  regis  be  not  lowered, 
the  precipitate  will  not  have  the  purple  colour. 

Tin  hath  the  property  of  giving  a  great  luftre  to  all  red 
colours  in  general;  on  which  account  it  is  ufed  by  the  dyers 
for  ftriking  a  beautiful  fcarlet,  and  tin  vefiels  are  employed 
in  making  fine  fyrup  of  violets.  Water  does  not  act  upon 
this  metal,  as  it  does  upon  Iron  and  Copper;  for  which  rea- 
fon  it  is  not  fubjecl:  to  ruft :  neverthelefs,  when  it  is  expofed 
to  the  air,  its  furface  foon  lofes  its  polifh  and  fplendour. 

Tin  mixed  with  nitre  and  expofed  to  the  fire  deflagrates 
with  it,  makes  it  detonate,  and  is  immediately  converted  to 
a  refractory  calx :  for  fo  all  fubftances  are  called  which  are 
incapable  of  fulion. 

Tin  readily  unites  with  fulphur,  and  with  it  becomes  a 
brittle  and  friable  mafs. 

SECTION     VI. 

Qf  Lead. 

Next  to  Gold  and  Mercury  Lead  is  the  heavier!  of  all 
metalline  fubftances,  but  in  hardnefs  is  exceeded  by  every- 
one of  them.  Of  all  metals  alfo  it  melts  the  eafiefl:  except 
Tin.  While  it  is  in  fufion  there-  gathers  inceffantly  on  its 
furface,  as  on  that  of  Tin,  a  blackifh  dufty  pellicle,  which 
is  nothing  but  a  calx  of  Lead. 

This  calx  further  calcined  by  a  moderate  fire,  the  flame 
being  reverberated  on  it,  foon  grows  white.  If  the  calcina- 
tion be  continued  it  becomes  yellow,  and  at  lad  of  a  beauti- 
ful red.     In  this  date  it  is  called  Minium,  and  is  ufed  as  a 
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pigment.  Minium  is  not  eafily  made,  and  the  operation 
fucceeds  well  in  large  manufactures  only. 

To  convert  Lead  into  Litharge,  which  is  the  metaj  in  a 
manner  half  vitrified,  you  need  only  keep  it  melted  by  a 
pretty  ftrong  fire;  for  then  as  its  furface  gradually  calcines, 
it  tends  more  and  more  to  fufion  and  vitrification. 

All  thefe  preparations  of  Lead  are  greatly  difpofed  to  per- 
fect fufion  and  vitrification,  and  for  that  purpofe  require  but 
a  moderate  degree  of  fire ;  the  calx  or  earth  of  Lead  being 
of  all  metalline  earths  that  which  vitrifies  the  mofl  eafily. 

Lead  hath  not  only  the  property  of  turning  into  glafs  with 
the  greateft  facility,  but  it  hath  alfo  that  of  promoting  great- 
ly the  vitrification  of  all  the  other  imperfect  metals  ;  v.nd, 
when  it  is  actually  vitrified,  procures  the  ready  fufion  of  all 
earths  and  (tones  in  general,  even  thofe  which  are  refracto- 
ry, that  is,  which  could  not  be  fufed  without  its  help. 

Glafs  of  Lead,  befides  its  great  fufibility,  hath  alfo  the 
fingular  property  of  being  fo  fubtile  and  active  as  to  corrode 
and  penetrate  the  crucibles  in  which  it  is  melted,  unlefs  they 
be  of  an  earth  that  is  exceeding  hard,  compact,  and  withal' 
very  refractory :  for  Glafs  of  Lead  being  one  of  the  mod 
powerful  fluxes  that  we  know,  if  the  earth  of  the  crucible  in 
which  it  is  melted  be  in  the  fmalleft  degree  fufible,  it  will 
be  immediately  vitrified  ;  efpeciaily  if  there  be  any  metallic 
matter  in  its  compofition. 

The  great  activity  of  Glafs  of  Lead  may  be  weakened  by 
joining  it  with  Other  verifiable  matters :  but  unlefs  thefe  be 
added  in  a  very  great  proportion,  it  will  (till  remain  power- 
ful enough  to  penetrate  common  earths,  and  carry  off  the 
matters  combined  with  it. 

On  thefe  properties  of  Lead,  and  of  the  Glafs  of  Lead, 
depends  the  whole  bufinefs  of  refining  Gold  and  Silver.  It 
hath  been  fhewn,  that  as  thefe  two  metals  are  indeftructible 
by  fire,  and  the  only  ones  which  have  that  advantage,  they 
may  be  feparated  from  the  imperfedt  metals,  when  mixed  there- 
with, by  expofing  the  compound  to  a  degree  of  fire  fufficient- 
ly  ftrong  to  vitrify  the  latter ;  which,  when  once  converted 
into  glafs,  can  no  longer  remain  united  with  any  metal  that 
has  its  metalline  form.  But  it  is  very  difficult  to  procure 
this  vitrification  of  the  imperfect  metals,  when  united  with 
Gold  and  Silver;  nay,  it  is  in  a  manner  impofiible  to  vitrify 
them  entirely,  for  two  reafons  :  firft,  becaul'e  moft  of  them 
are  naturally  very  difficult  to  vitrify ;  fecondly,  becaufe  the 
union  they  have  contracted  with  the  perfect  metals  defends 
them,  in  a  manner,  from  the  a£tion  of  the  fire,  and  that  fo 
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much  the  more  effectually  as  the  proportion  of  the  perfect 
metals  is  greater  ;  which  being  indeflructible,  and  in  fomc 
fort  coating  over  thofe  with  which  they  are  alloyed,  ferve 
them  as  a  prefervative  and  impenetrable  mield  againit  the 
utmoft  violence  of  fire. 

It  is  therefore  clear,  that  a  great  deal  of  labour  may  be 
faved,  and  that  Gold  and  Silver  may  be  refined  to  a  much 
greater  degree  of  purity  than  can  otherwife  be  obtained,  if 
to  a  mixture  cf  thefe  metals  with  Copper,  for  inftance,  or 
any  other  imperfect  metal  be  added  a  certain  quantity  of 
Lead.  For  the  Lead,  by  its  known  property,  will  infallibly 
produce  the  defired  vitrification  ;  and  as  it  likewife  increafes 
the  proportion  of  the  imperfect  metals,  and  fo  leffens  that  of 
the  perfect  metals,  in  the  mafs,  it  evidently  deprives  the 
former  of  a  part  of  their  guard,  and  fo  effects  a  more  com- 
plete vitrification.  In  conclusion,  as  the  Glafs  of  Lead 
hath  the  property  of  running  through  the  crucible,  and  car- 
rying with  it  the  matters  which  it  has  vitrified,  it  follows, 
that,  when  the  vitrification  of  the  imperfect  metals  is  ef- 
fected by  its  means,  all  thofe  vitrified  matters  together  pe- 
netrate the  veffel  containing  the  fufed  metalline  mafs,  difap- 
pear,  and  leave  only  the  Gold  and  Silver  perfectly  pure,  and 
freed,  as  far  as  is  poffible,  from  all  admixture  of  heterogene- 
ous parts. 

The  better  to  promote  the  feparation  of  fuch  parts  it  is 
ufual  to  employ,  in  this  procefs,  a  particular  fort  of  fmall 
crucibles,  made  of  the  ames  of  calcined  bones,  which  are 
exceedingly  porous  and  eafily  pervaded.  They  are  called  cu- 
pels, on  account  of  their  figure,  which  is  that  of  a  wide- 
mouthed  cup:  and  from  hence  the  operation  takes  its  name; 
for  when  we  refine  Gold  and  Silver  in  this  manner  we  are 
faid  to  cupel  thofe  metals.  It  is  eafy  to  perceive  that  the 
more  Lead  is  added  the  more  accurately  will  the  Gold  and 
Silver  be  refined ;  and  that  fo  much  the  more  Lead  ought  to 
be  added  as  the  perfect  metals  are  alloyed  with  a  greater  pro- 
portion of  the  imperfect.  This  is  the  molt  fevere  trial  to 
which  a  perfect  metal  can  be  put;  and  confequently  any 
metal  that  (lands  it  may  be  fairly  confidered  as  fuch. 

In  order  to  denote  the  finenefs  of  Gold,  it  is  fuppofed  to 
be  divided  into  twenty-four  parts  called  carats ;  and  Gold 
which  is  quite  pure  and  free  from  all  alloy  is  faid  to  be  twen- 
ty-four carats  fine ;  that  which  contains  -^  part  of  alloy  is 
called  Gold  of  twenty-three  carats  ;  that  which  contains  ^ 
of  alloy  is  but  twenty-two  carats  ;  and  fo  on.  Silver  again 
is  fuppoJfed  to  be  divided  into  twelve  parts  only,  which  are 
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called  penny -weights  :  fo  that  when  abfolutely  pure  it  is  faid 
to  be  twelve  penny-weights  fine  ;  when  it  contains  T*T  of  al- 
loy, it  is  then  called  eleven  penny-weights  fine;  when  it 
contains  ~s  of  alloy,  it  is  called  ten  penny-weights  fine,  and 
fo  on. 

In  treating  of  Copper  we  promifed  to  (hew,  under  the  ar- 
ticle of  Lead,  how  to  feparate  it  from  Iron.  The  procvfs  is 
founded  on  that  property  of  Lead  which  renders  it  incapable 
of  mixing  and  uniting  with  Iron,  though  it  readily  difTolves 
all  other  metalline  fubftances.  Therefore,  if  you  have  a 
mafs  compounded  of  Copper  and  Iron,  it  mud  be  fufed 
■with  a  certain  quantity  of  Lead,  and  then  the  Copper,  hav- 
ing a  greater  affinity  with  Lead  than  with  Iron,  will  defert 
the  latter  and  join  the  former,  which  being  incapable  of  any 
union  with  Iron,  as  was  faid,  will  wholly  exclude  it  from 
the  new  compound.  The  next  point  is  to  feparate  the  Lead 
from  the  Copper;  which  is  done  by  expollng  the  mafs  com- 
pounded of  thefe  two  metals  to  a  degree  of  fire  ftrong  enough 
to  deprive  the  Lead  of  its  metalline  form,  but  too  weak  to 
have  the  fame  effect  on  the  Copper  :  and  this  may  be  done  ; 
fince,  of  all  the  imperfect  metals,  Lead  is,  next  to  Tin,'  the 
eafieft  to  be  calcined,  and  Copper  on  the  contrary  refills  the 
greater!  force  of  fire  longeft,  without  lofing  its  metalline 
form.  Now  what  we  gain  by  this  exchange,  viz.  by  fepa- 
rating  Copper  from  Iron  and  uniting  it  with  Lead,  confiils 
in  this,  that  as  Lead  is  calcined  with  lefs  fire  than  Iron,  the 
Copper  is  lefs  expofed  to  be  dellroyed  :  for  it  mult  be  ob- 
ferved  that,  however  moderate  the  fire  be,  it  is  hardly  pom- 
ble  to  prevent  a  certain  quantity  thereof  from  being  calcined 
in  the  operation. 

Lead  melted  with  a  third  part  of  Tin  forms  a  compound, 
which  being  expofed  to  a  fire  capable  of  making  it  thorough- 
ly red-hot,  fwells,  puffs  up,  feems  in  fome  fort  to  take  fire, 
and  is  prefently  calcined.  Thefe  two  metals  mixed  together 
are  much  fooner  calcined  than  either  of  them  feparately. 

Both  Lead  and  Tin  are  in  fome  meafure  affected  by  wa- 
ter, and  by  a  moift  air ;  but  they  are  both  much  lefs  fubjecl: 
than  Iron  or  Copper  to  be  corroded  by  thefe  fclventSj  and  of 
courfe  are  much  lefs  liable  to  ruft. 

The  vitriolic  acid  a&s  upon  and  difTolves  Lead,  much  in 
the  fame  manner  as  it  doth  Silver. 

The  nitrous  acid  difiblves  this  metal  with  much  eafe,  and 
in  great  quantities  ;  and  from  this  folution  a  fmall  portion  of 
Mercury  may  be  obtained.  On  this  fubjecl  fee  our  Elements 
of  the  Practice  of  Cbymijlry* 
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When  this  folutiori  of  Lead  is  diluted  with  a  good  deal  of 
Water,  the  Lead  precipitates  in  the  form  of  a  white  .powder; 
which  happens  beeaufe  the  acid  is  rendered  too  weak  to  keep 
the  Lead  diflolved. 

If  this  foliation  of  Lead  be  evaporated  to  a  certain  degree, 
it  (hoots  into  cryftals  formed  like  regular  pyramids  with 
fquare  bafes.  Thefe  cryftals  are  of  a  yellowifh  colour,  and 
a  faccharine  tafte :  they  do  not  eafily  diflblve  in  water.  This 
nitrous  metalline  fait  lias  the  fingular  property  of  detonating 
in  a  crucible,  without  any  additament,  or  the  contact  of 
any  other  inflammable  fubftance.  This  property  it  derives 
from  the  great  quantity  of  phlogifton  contained  in,  and  but 
loofely  connected  with,  the  Lead  which  is  one  of  its  princi- 
ples. 

If  fpirit  of  fait,  or  even  fea-falt  in  fubftance,  be  added  to 
a  folution  of  Lead  in  the  nitrous  acid,  a  white  precipitate 
immediately  falls ;  which  is  no  other  than  the  Lead  united 
with  the  marine  acid.  This  precipitate  is  extremely  like  the 
precipitate  of  Silver  made  in  the  fame  manner,  and  that  be- 
ing called  Lund  cornea  hath  occafioned  this  to  be  named 
Plumbum  corneum.  Like  the  /una  cornea  it  is  very  fufible, 
and  being  melted  hardens  like  it  into  a  kind  of  horny  fub- 
ftance: it  is  volatile,  and  may  be  reduced  by  means  of  in- 
flammable matters  combined  with  alkalis.  But  it  differs 
from  the  luna  cornea  in  this  chiefly,  that  it  diiToIves  eafily 
in  water  ;  whereas  the  luna  cornea^  on  the  contrary,  dif- 
folves  therein  with  great  difficulty,  and  in  a  very  fmall  quan- 
tity. 

As  this  precipitation  of  Lead  from  its  folution  in  fpirit  of 
nitre  is  procured  by  the  marine  acid,  Lead  is  thereby  proved 
to  have  a  greater  affinity  with  the  latter  acid  than  with  the 
former.  Yet,  if  you  attempt  to  diflblve  Lead  directly  by  the 
acid  of  fea-lalt,  the  folution  is  not  (o  eafily  effected  as  by 
the  fpirit  of  nitre,  and  it  is  always  imperfect;  for  it  wants 
one  of  the  conditions  effential  to  every  folution  in  a  liquor, 
namely  tranfparency. 

If  Lead  be  boiled  for  a  long  time  in  a  lixivium  of  fixed 
alkali,  part  of  it  will  be  diflolved. 

Sulphur  renders  this  metal  refractory  and  fcarce  fufible -i 
and  the  mafs  they  form  when  united  together  is  friable. 
Hence  it  appears  that  iulphur  acts  upon  Lead  much  in.  the 
fame  manner  as  upon  Tin;  that  is,  it  renders  both  thefe  me- 
tals lefs  fufible,  which  are  naturally  the  moil  fufible  of  my, 
while  it  exceedingly  facilitates  the  infion  of  Silver,  Copper, 
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and  Iron,  metals  which  of  themfelves  flow  with  the  greateft 
difficulty. 


CHAP.       VIII. 

Of    QjJ  I  C  K-  S  I  LVE  R. 

WE  treat  of  Quick-filver  in  a  chapter  apart,  becaufe 
this  metallic  fubftance  cannot  be  claffed  with  the 
metals  properly  fo  called,  and  yet  has  fome  properties  which 
will  not  allow  us  to  confound  it  with  the  femi-metals.  The 
reafon  why  Quick-filver,  by  the  Chymifts  commonly  called 
Mercury,  is  not  reputed  a  metal,  is,  that  it  wants  one  of  the 
eflential  properties  thereof,  to  wit,  malleability.  When  it 
is  pure  and  unadulterated  with  any  mixture,  it  is  always 
fluid,  and  of  courfe  unmalleable.  But  as,  on  the  other 
hand,  it  eminently  poiTefies  the  opacity,  the  fplendour,  and, 
above  all,  the  gravity  of  a  metal,  being  next  to  Gold  the  hea- 
vieft  of  all  bodies,  it  may  be  confidered  as  a  true  metal,  dif- 
fering from  the  reft  no  otherwife  than  by  being  confiantly  in 
fufion  ;  which  we  may  fuppofe  arifes  from  its  aptnefs  to  flow 
with  fuch  a  fmall  degree  of  heat,  that  be  there  ever  fo  little 
warmth  on  earth,  there  is  ftill  more  than  enough  to  keep 
Mercury  in  fufion ;  which  would  become  folid  and  malleable 
if  it  were  poflible  to  apply  to  it  a  degree  of  cold  confiderable 
enough  for  that  purpoie.  Thefe  properties  will  not  allow  us 
to  confound  it  with  the  femi-metals.  Add,  that  we  are  not 
yet  allured  by  any  undoubted  experiment  that  it  can  be  whol- 
ly deprived  of  its  phlogifton,  as  the  imperfect  metals  may. 
Indeed  we  cannot  apply  the  force  of  fire  to  it  as  could  be 
wifhed :  for  it  is  fo  volatile  that  it  flies  ofF  and  exhales  in 
vapours,  with  a  much  lefs  degree  of  fire  than  is  neceiTary  to 
make  it  red- hot.  The  vapours  of  Mercury  thus  raifed  by 
the  action  of  fire,  being  collected  and  united  in  a  certain 
quantity,  appear  to  be  no  other  than  true  Mercury,  retain- 
ing every  one  of  its  properties  ;  and  no  experiment  hath 
ever  been  able  to  mew  the  leaft  change  thus  produced  in  its 
nature. 

If  Mercury  be  expofed  to  the  greateft  heat  that  it  can  bear 
without  fublimation,  and  continued  in  it  for  feveral  months, 
or  even  a  whole  year  together,  it  turns  to  a  red  powder, 
which  the  Chymiils  call   Mercurius   Pradfitatus  per  fi, 
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But,  to  fucceed  in  this  operation,  it  is  abfolutely  neceffary 
that  the  heat  be  fuch  as  is  above-fpecified ;  for  this  metallic 
fubftance  may  remain  expofed  to  a  weaker  heat  for  a  confi- 
derable  number  of  years,  without  undergoing  any  fenfible 
alteration. 

Some  Chymifts  fancied,  that  by  this  operation  they  had 
fixed  Mercury  and  changed  its  nature ;  but  without  any 
reafon:  for  if  the  Mercury  thus  feemingly  tranfmuted  be  ex- 
pofed to  a  fomewhat  flronger  degree  of  fire,  it  fublimes  and 
exhales  in  vapours  as  ufual;  and  thofe  vapours  collected  are 
nothing  elfe  but  running  Mercury,  which  has  recovered  all 
its  properties  without  the  help  of  any  additament. 

Mercury  has  the  property  of  diflblving  all  the  metals,  Iron 
only  excepted.  But  it  is  a  condition  abfolutely  necefTary  to 
the  fuccefs  of  fuch  diflblution,  that  the  metalline  fubftances 
be  poflefTed  of  their  phlogifton;  for  if  they  be  calcined, 
Mercury  cannot  touch  them  :  and  hence  it  follows,  that  Mer- 
cury doth  not  unite  with  fubftances  that  are  purely  earthy. 
Such  a  combination  of  a  metal  with  Mercury  is  called  an 
Amalgam.  Trituration  alone  is  fufficient  to  effect  it ;  how- 
ever, a  proper  degree  of  heat  alfo  is  of  ufe. 

Mercury  amalgamated  with  a  metal  gives  it  a  confidence 
more  or  lefs  foft,  and  even  fluid,  according  to  the  greater  or 
fmaller  proportion  of  Mercury  employed.  All  amalgams  arc 
foftened  by  heat,  and  hardened  by  cold. 

Mercury  is  very  volatile;  vaftly  more  fo  than  the  mod  un- 
fixed metals ;  moreover,  the  union  it  contracts  with  any  me- 
tal is  not  fufficiently  intimate  to  entitle  the  new  compound 
refulting  from  that  union  to  all  the  properties  of  the  two 
fubftances  united  :  at  leaft  with  regard  to  their  degree  of 
fixity  and  volatility.  From  all  which  it  follows,  that  the 
beft  and  fureft  method  of  feparating  it  from  metals  diflbived 
by  it,  is  to  expofe  the  amalgam  to  a  degree  of  heat  fufficient 
to  make  all  the  Quick-filver  rife  and  evaporate;  after  which 
the  metal  remains  in  the  form  of  a  powder,  and  being  fufed 
recovers  its  malleability.  If  it  be  thought  proper  to  fave  the 
Quick-filver,  the  operation  muft  be  performed  in  clofe  vef- 
fels,  which  will  confine  and  collecl:  the  mercurial  vapours. 
This  operation  is  molt  frequently  employed  to  feparate  Gold 
and  Silver  from  the  feveral  forts  of  earths  and  fands  with 
which  they  are  mixed  in  the  ore;  becaufe  thefe  two  metals, 
Gold  efpecially,  are  of  fufficient  value  to  compenfate  the 
Jofs  of  Mercury,  which  is  inevitable  in  this  procels  :  befides, 
as  they  very  readily  amalgamate  with  it,  this  way  of  feparat- 
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ing  them  from  every  thing  unmetallic  is  very  facile  and  com- 
modious. 

Mercury  is  difiblved  by  acids*,  but  with  circumflances  pe- 
culiar to  each  particular  ibrt  of  acid. 

The  vitriolic  acid,  concentrated  and  made  boiling  hot, 
feizes  on  it,  and  prefently  reduces  it  to  a  kind  of  white  pow- 
der, which  turns  yellow  by  the  affufion  of  water,  but  does 
not  diffolve  in  it ;  it  is  called  Turbith  Mineral.  However, 
the  vitriolic  acid  on  this  occafion  unites  with  a  great  part  of 
the  Mercury,  in  fuch  a  manner  that  the  compound  is  foluble 
in  water.  For  if  to  the  water  which  was  ufed  to  warn  the 
Turbith  a  fixed  alkali  be  added,  there  falls  inftantly  a  ruflet- 
coloured  precipitate,  which  is  no  other  than  Mercury  fepa- 
rated  from  the  vitriolic  acid  by  the  intervention  of  the  al- 
kali. 

This  difTolution  of  Mercury  by  the  vitriolic  acid  is  accom- 
panied with  a  very  remarkable  phenomenon;  which  is,  that 
the  acid  contracts  a  ftforjg  fmell  of  volatile  fpirit  of  fulphur : 
a  notable  proof  that  part  of  the  phlogifton  of  the  Mercury 
hath  united  therewith.  And  yet,  if  the  Mercury  be  fepa- 
Yated  by  means  of  a  fixed  alkali,  it  does  not  appear  to  have 
fuffered  any  alteration.  Turbith  mineral  is  not  lb  volatile  as 
pure  Mercury. 

The  nitrous  acid  diifolves  Mercury  with  eafe.  The  folu- 
tion  is  limpid  and  transparent,  and  as  it  grows  cold  fhoots 
into  cryftals,  which  are  a  nitrous  mercurial  fait. 

If  this  folution  be  evaporated  to  drynefs,  the  Mercury  re- 
mains impregnated  with  a  little  of  the  acid,  under  the  form 
of  a  red  powder,  which  hath  obtained  the  names  of  Red 
Precipitate,  and  Arcanum  Corallinum.  This  Precipitate, 
as  well  as  Turbith,  is  lefs  volatile  than  pure  Mercury. 

If  this  folution  of  Mercury  be  mixed  with  a  folution  of 
Copper,  made  likewife  in  the  nitrous  acid,  and  the  mixture 
evaporated  to  drynefs,  there  will  remain  a  green  powder  cal- 
led Green  Precipitate.  Thefe  precipitates  are  cauftic  and 
corrofive ;  and  are  ufed  as  fuch  in  furgery. 

Though  Mercury  be  difiblved  more  eafily  and  completely 
by  the  nitrous  acid  than  by  the  vitriolic,  yet  it  has  a  greater 
affinity  with  the  latter  than  with  the  former :  for  if  a  vitriolic 
acid  be  poured  into  a  folution  of  Mercury  in  fpirit  of  nitre, 
the  Mercury  will  quit  the  latter  acid  in  which  it  was  diflblv- 
ed, and  join  the  other  which  was  added.  The  fame  thing 
happens  when  the  marine  acid  is  employed  inftead  of  the  vi- 
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Mercury  combined  with  fpirit  of  fait  forms  a  fingular  bo-  . 
dv;  a  metalline  fait  which  fhoots  into  long  cfyftals,  pointed 
like  daggers.  This  fait  is  volatile,  and  fublimes  eafily  with- 
out decompofition.  It  is  moreover  the  molt  violent  of  ail 
the  corrofives  hitherto  difcovered  by  Chymiftry.  It  is  called 
Co rrofive  Sublimate,  becaufe  it  mud:  abfolutely  be  fuhlimed. 
to  make  the  combination  perfect.  There  are  feveral  ways  of 
doing  this:  but  the  operation  will  never  fail,  if  the  Mercury 
be  rarefied  into  vapours,  and  meet  with  the  marine  acid  in  a 
fimilar  (late. 

Corrofive  Sublimate  is  difTolved  by  water,  but  in  very 
fmall  quantities  only.  It  is  decompounded  by  fixed  alkalis, 
which  precipitate  the  Mercury  in  a  reddifh  yellow  powder, 
called,  on  account  of  its  colour,  Yellow  Precipitate. 

If  Corrofive  Sublimate  be  mixed  with  tin,  and  the  com- 
pound diftilled,  a  liquor  comes  over  which  continually  emits 
abundance  of  denfc  fumes,  and,  from  the  name  of  its  in- 
ventor, is  called  the  Smoking  Liquor  of  Libavius.  This  li- 
quor is  no  other  than  the  tin  combined  with  the  marine  acid 
of  the  Corrofive  Sublimate,  which  therefore  it  hath  actually 
decompounded  :  whence  it  follows,  that  this  acid  hath  a  great- 
er affinity  with  tin  than  with  Mercury. 

The  marine  acid  in  Corrofive  Sublimate  is  not  quite  fatu- 
rated  with  Mercury  *  but  is  capable  of  taking  up  a  much 
greater  quaatity  thereof.  For  if  Corrofive  Sublimate  be 
mixed  with  frefh  Mercury,  and  fublimed  a  fecond  time,  ano- 
ther compound  will  be  produced  containing  much  more 
Mercury,  and  lefs  acrimonious ;  for  which  reafon  it  is  named 
Sweet  Sublimate  of  Mercury,  Mercurius  dulcis,  Aquila  alba. 
This  compound  may  be  taken  internally,  and  is  purgative  or 
emetic  according  to  the  dofe  adminiftered.  It  may  be  ren- 
dered (till  more  gentle  by  repeated  fublimations,  and  then  it 
takes  the  title  of  Panacea  Mercurialis.  No  way  hath  hi- 
therto been  found  to  diflblve  Mercury  in  aqua  regis  without 
great  difficulty,  and  even  then  it  is  but  imperfectly  diflblved. 

Mercury  unites  eafily  and  intimately  with  fulphur  If  thefe 
two  fubftances  be  only  rubbed  together  in  a  gentle  heat,  or 
even  without  any  heat,  they  will  contract:  an  union,  though 
but  an  incomplete  one.  This  combination  takes  the  form  of 
a  black  powder,  which  has  procured  it  the  name  of  Mthiops 
Mineral. 

If  a  more  intimate  and  perfect  union  be  defired,  this  com- 
pound muft  be  expofed  to  a  flronger  heat ;  and  then  a  red 
ponderous  fubftance  will  be  fublimed,  appearing  like  a  mafs 
of  mining  needles :  this  is  the  combination  defired,  and  is 
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called  Cinabar.  In  this  form  chiefly  is  Mercury  found  in  the 
bowels  of  the  earth.  Cinabar  finely  levigated  acquires  a 
much  brighter  red  colour,  and  is  known  to  painters  by  the 
name  of  Vermilion. 

Cinabar  rifes  wholly  by  fublimation,  without  fuffering  any 
decompofition ;  becaufe  the  two  fubftances  of  which  it  con- 
fids,  viz.  Mercury  and  Sulphur,  are  both  volatile. 

Though  Mercury  unites  and  combines  very  well  with  ful- 
phur,  as  hath  been  faid,  yet  it  hath  lefs  affinity  with  that  mi- 
neral than  any  other  metal,  Gold  only  excepted :  whence  it 
follows,  that  any  of  the  other  metals  will  decompound  Cina- 
bar, by  uniting  with  its  fulphur,  and  fo  fetting  the  Mercury 
at  liberty  to  appear  in  its  ufual  form.  Mercury  thus  feparat- 
ed  from  fulphur  is  efteemed  the  pureft,  and  bears  the  name 
of  Mercury  revivified  from  Cinabar. 

Iron  is  generally  ufed  in  this  operation,  preferably  to  the 
other  metals,  becaufe  among  them  all  it  has  the  greatefl  affi- 
nity with  fulphur,  and  is  the  only  one  that  has  none  with 
Mercury. 

Cinabar  may  alfo  be  decompounded  by  means  of  fixed  al- 
kalis; the  affinity  of  thefe  falts  with  fulphur  being  generally 
greater  than  that  of  any  metalline  fubftance  whatever. 


CHAP.       IX. 

Of  the   Semi-Metals, 

SECTION     I. 

O/Regulus    of  Antimony. 

REgulus  of  Antimony  is  a  metallic  fubftance  of  a  pret- 
ty bright  white  colour.  It  has  the  fplendour,  opacity, 
and  gravity  of  a  metal:  but  it  is  quite  unmalleable,  and 
crumbles  to  duft,  inftead  of  yielding  or  ftretching,  under 
the  hammer  j  on  which  account  it  is  claiTed  with  the  Semi- 
metals. 

It  begins  to  flow  as  foon  as  it  is  moderately  red ;  but,  like 
the  other  Semi-metals,  it  cannot  ftand  a  violent  degree  of 
fire ;  being  thereby  diffipated  into  fmoke  and  white  vapours, 
which  adhere  to  fuch  cold  bodies  as  they  meet  with,  and  fo 

are 
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are  collected  into  a  kind  of  farina  called  Flowers  of  Anti- 
mony. 

If  Regulus  of  Antimony,  inftead  of  being  expofed  to  a 
flrong  fire,  be  only  heated  fo  moderately  that  it  (hall  not 
even  melt,  it  will  calcine,  lofe  its  phlogifton,  and  take  the 
form  of  a  greyifh  powder  deftitute  of  all  fplendour :  this 
powder  is  called  Calx  of  Antimony. 

This  calx  is  not  volatile  like  the  Regulus,  but  will  endure 
a  very  violent  fire ;  and  being  expofed  thereto  will  flow,  and 
turn  to  a  glafs  of  the  yellowifh  colour  of  a  hyacinth. 

It  is  to  be  obferved,  that  the  more  the  R.egulus  is  deprived 
of  its  phlogifton  by  continued  calcination,  the  more  refrac- 
tory is  the  calx  obtained  from  it.  The  glafs  thereof  has  alfo 
fo  much  the  lefs  colour,  and  comes  the  nearer  to  common 
glafs. 

The  calx  and  the  Glafs  of  Antimony  will  recover  their 
metalline  form,  like  every  other  Calx  and  Glafs  of  a  metal,  if 
reduced  by  reftoring  to  them  their  loft  phlogifton.  Yet  if 
the  calcination  be  carried  too  far,  their  reduction  will  be- 
come much  more  difficult,  and  a  much  fmaller  quantity  of 
Regulus  will  be  refufcitated. 

Regulus  of  Antimony  is  capable  of  diflblving  the  metals  : 
but  its  affinities  with  them  are  various,  and  differ  according 
to  the  following  order.  It  affects  Iron  the  moft  powerfully, 
next  Copper,  then  Tin,  Lead,  and  Silver.  It  promotes  the 
fufion  of  metals,  but  makes  them  all  brittle  and  unmalle- 
able. 

It  will  not  amalgamate  with  Mercury ;  and  though  by  cer- 
tain proceffes,  particularly  the  addition  of  water  and  conti- 
nued trituration,  a  fort  of  union  between  thefe  two  fubftan- 
ces  may  be  produced,  yet  it  is  but  apparent  and  momentary; 
for,  being  left  to  themfelves  and  undifturbed,  they  quickly 
difunite  and  feparate  *. 

The  vitriolic  acid,  affifted  by  heat,  and  even  by  diftilla- 
tion,  diffolves  Regulus  of  Antimony.  The  nitrous  acid  like- 
wife  attacks  it :  but  the  folution  can  by  no  art  be  made  clear 


*  M.  Malouin,  however,  hath  found  a  way  to  unite  thefe  two  metallic  fub- 
ftances  :  but  then  he  does  it  by  the  interpolation  of  fulphur  ;  that  is,  he  com- 
bines crude  Antimony  with  Mercury.  This  combination  is  brought  about  in 
the  fame  way  that  iEthiops  Mineral  is  made  ;  viz.  either  by  fufion,  or  by 
trituration  only  without  fire.  It  refembles  the  common  JEthiops,  and  M. 
Malouin  calls  it  JFthiops  of  Antimony.  He  obferved  that  Mercury  unites 
\uth  Antimony  much  more  intimately,  by  melting,  than  by  rubbing  them 
together. 

and 
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and  limpiij  :  fo  that  the  Rcgulus  is  only  calcined,  in  a  man- 
ner, by  this  acid* 

The  marine  acid  diiTolves  it  well  enough  ;  but  then  it 
muft  be  exceedingly  concentrated,  and  applied  in  a  peculiar 
manner,  and  efpecially  by  diftillation.  One  of  the  bed  me- 
thods of  procuring  a  perfect  union  between  the  acid  of  iea- 
falt  and  Kegulus  of  Antimony,  is  to  pulverize  the  latter,  mix 
it  with  corrolive  fublimate,  and  diftil  the  whole.  There  rif- 
es  in  the  operation  a  white  matter,  thick,  and  fcarce  fluid, 
which  is  no  other  than  the  Pvegulus  of  Antimony  united  and 
combined  with  the  acid  of  fea-falt.  This  compound  is  ex- 
tremely corrofive,  and  is  called  Butter  of  Antimony. 

It  is  plain  that  the  corrofive  fublimate  is  here  decompound- 
ed ;  that  the  Mercury  is  revivified,  and  that  the  acid  which 
was  combined  therewith  hath  quitted  it  to  join  the  Regulus 
of  Antimony,  with  which  its  affinity  is  greater.  This  Butter 
of  Antimony  by  repeated  diftillations  acquires  a  confiderable 
degree  of  fluidity  and  limpidnefs. 

If  the  acid  of  nitre  be  mixed  with  Butter  of  Antimony, 
and  the  whole  diftilled,  there  rifes  an  acid  liquor,  or  a  fort 
of  aqua  regis,  which  ftill  retains  fome  of  the  difiblved  Regu- 
lus, and  is  called  Bezoardic  Spirit  of  Nitre.  After  the  di- 
ftillation there  remains  a  white  matter,  from  which  freih 
fpirit  of  nitre  is  again  abftracted,  and  which  being  then 
wafhed  with  water  is  called  Bezoar  Mineral.  This  Bezoar 
Mineral  is  neither  fo  volatile  nor  fo  cauftic  as  Butter  of  Anti- 
mony; becaufe  the  nitrous  acid  hath  not  the  property  of  vo- 
latilizing metallic  fubftances,  as  the  marine  acid  does,  and 
becaufe  it  remains  much  more  intimately  combined  with  the 
reguline  part. 

If  Butter  of  Antimony  be  mixed  with  water,  the  liquor 
immediately  becomes  turbid  and  milky,  and  a  precipitate 
falls,  which  is  nothing  but  the  metallic  matter  partly  fepa- 
rated  from  its  acid,  which  is  too  much  weakened  by  the  ad- 
dition of  water  to  keep  it  diffolved.  Yet  this  precipitate  ftill 
retains  a  good  deal  of  acid ;  for  which  reafon  it  continues  to 
be  a  violent  emetic,  and  in  fome  degree  corrofive.  It  hath 
therefore  been  very  improperly  called  Mercurius  Vita. 

The  proper  folvent  of  Regulus  of  Antimony  is  aqua  regis; 
by  means  whereof  a  clear  and  limpid  folution  of  this  Semi* 
metal  may  be  obtained. 

Regulus  of  Antimony  mixed  with  nitre,  and  projected  in- 
to a  red-hot  crucible,  fets  the  nitre  in  a  flame,  and  makes  it 
detonate.  As  it  produces  this  effect  by  means  of  its  phlo- 
gifton,  it  muft  needs  at  the  fame  time  be  calcined,  and  lofe 
l  its 
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its  metallic  properties,  which  accordingly  happens,  and  when 
the  nitre  is  in  a  triple  proportion  to  the  Regulus,  the  latter 
is  fo  perfectly  calcined  as  to  leave  only  a  white  powder,  which 
is  fttfed  with  great  difficulty*  and  then  turns  to  a  faintly  co- 
loured glafs*  not  very  different  from  common  glafs,  and 
which  is  not  reducible  to  a  Regulus  by  the  addition  of  in- 
flammable matter;  at  lead  it  yields  but  a  very  fmall  quantity 
thereof.  If  lefs  nitre  be  ufed,  the  calx  is  nor  fo  white ;  the 
glafs  it  produces  is  more  like  a  metalline  glafs,  and  js  more 
ea(i!y  reduced.  The  calx  of  the  Regulus  thus  prepared  by 
nitre  is  called,  on  account  of  the  medicinal  virtue  afcribed  to 
it,   Diaphoretic  Antimony +  or  Diaphoretic  Mineral. 

Nitre  always  becomes  an  alkali  by  deflagration*  and  in  the 
prefent  cafe  retains  part  of  the  calx,  which  it  even  renders 
foluble  in  water.  This  calx  may  be  feparated  from  the  alkali, 
if  an  acid  be  employed  to  precipitate  it ;  arid  then  it  is  called 
Materia.  Perlatd.  This  pearly  matter  is  a  calx  of  Antimony, 
fo  completely  deprived  of  its  phlogifton  as  to  be  altogether 
incapable  of  reduction  to  a  Regulus. 

Regulus  of  Antimony  readily  joins  and  unites  with  ful- 
phur, forming  therewith  a  compound  which  has  a  very  faint 
metallic  fplendoilr.  This  compound  appears  like  a  mafs  of 
long  needles'  adhering  together  laterally  ;  and  under  this  form 
it  is  ufuaily  found  in  the  ore,  or  at  leaft  when  only  feparated 
by  fufion  from  the  flones  and  earthy  matters  with  which  the 
ore  is  mixed.     It  is  called  Crude  Antimony. 

Antimony  flows  with  a  moderate  heat,  and  becomes  even 
more  fluid  than  other  metallic  fubflances.  The  action  of  fire 
diffipates  or  confumes  the  fulphur  it  contains*  and  its  phlo- 
gifton alfo,  fo  as  to  convert  it  into  a  calx  and  a  glafs,  as  it 
does  the  Regulus. 

Aqua  regis ,  which  we  obferved  to  be  the  proper  folvent  of 
the  Regulus,  being  poured  on  Antimony,  attacks  and  dif- 
foives  the  reguline  part,  but  touches  not  the  fulphur;  iricon- 
fequence  whereof  it  decompofes  the  Antimony,  and  fepa- 
rates  its  fulphur  from  its  Regulus. 

There  are  feveral  other  ways  of  effecting  this  decompofi- 
tion,  and  obtaining  the  reguline  part  of  Antimony  by  itfelf : 
they  confift  either  in  deftroying  the  fulphureous  part  of  the 
Antimony  by  combuftion,  or  in  melting  the  Antimony  with 
fome  fubftance  which  has  a  greater  affinity  than  its  reguline 
part  with  fulphur.  Mofl  metals  are  very  fit  for  this  latter 
purpofe :  for  though  the  Regulus  has  a  connderable  affinity 
with  fulphur*  yet  all  the  metals,  except  Gold  and  Mercury, 
have  a  greater.  - 
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If  therefore  Iron,  Copper,  Lead,  Silver,  or  Tin,  be  melt- 
ed with  Antimony,  the  metal  employed  will  unite  with  the 
fulphur,  and  feparate  it  from  the  Regulus. 

It  mufl  be  obferved,  that,  as  thefe  metals  have  fome  affi- 
nity with  the  Regulus  of  Antimony,  the  Regulus  will  be 
joined  in  the  operation  by  fome  of  the  metal  employed  as  a 
Precipitant^  (to  thofe  fubitances  are  called  which  ferve  as  the 
means  of.feparating  two  bodies  from  each  other);  and  there- 
fore the  Regulus  procured  in  this  manner  will  not  be  abfo- 
luf&ly  pure :  on  this  account  care  is  taken  to  diftinguifh  each 
by  adding  the  name  of  the  metal  employed  in  its  precipita- 
tion ;  and  thence  come  thefe  titles,  Martial  Regulus  of  An- 
timony, or  only  Martial  Regulus,  Regulus  Veneris ;  and  fo 
of  the  reft. 

Antimony  is  employed  with  advantage  to  feparate  Gold 
from  all  the  other  metals  with  which  it  may  be  alloyed.  It 
has  been  {hewn,  that  all  the  metals  have  a  greater  affinity 
than  the  reguline  part  of  Antimony  with  fulphur,  Gold  only 
excepted ;  which  is  incapable  of  contracting  any  union  there- 
with :  and  therefore,  if  a  mafs  compounded  of  Gold  and  fe- 
veral  other  metals  be  melted  with  Antimony,  every  thing  in 
that  mafs  which  is  not  Gold  will  unite  with  the  fulphur  of 
the  Antimony.  This  union  occafions  two  feparations,  to  wit, 
that  of  the  fulphur  of  the  Antimony  from  its  reguline  part, 
and  that  of  the  Gold  from  the  mecals  with  which  it  was  a-- 
dulterated;  and  fro m  the  whole  two  new  compounds  arife; 
namely,  a  combination  of  the  metals  with  the  fulphur, 
which  being  lighterl  rifes  to  the  furface  in  fufion ;  and  a  me- 
talline mafs,  formed  of  the  Gold  and  the  reguline  part  of  the 
Antimony  united  together,  which  being  much  the  heavie.ft 
finks  to  the  bottom.  There  is  no  difficulty  in  parting  the 
Gold  from  the  Regulus  of  Antimony  with  which  it  is  alloy- 
ed :  for  the  metalline  mafs  needs  only  be  expofed  to  a  degree 
of  fire  capable  of  diffipating  into  vapours  all  the  Semi-metal 
it  contains  •,  which  being  very  volatile,  the  operation  is  much 
eafier,  and  more  expeditiously  finifhed,  than  if  the  metals 
with  which  the  Gold  was  debafed  were  to  be  vitrified  on  the 
cupel;  without  taking  into  the  account,  that,  if  Silver  were 
one  of  them,  recourfe  muft  needs  be  had  to  the  procefs  of 
quarcation  after  that  of  the  cupel. 

If  equal  parts  of  nitre  and  Antimony  be  mixed  together, 
and  the  mixture  expofed  to  the  action  of  fire,  a  violent  deto- 
nation enfues  ;  the  nitre  deflagrating  confumes  the  fulphur  of 
the  Antimony,  and  even  a  part  of  its  phlogiilon.  After  the 
detonation  there  remains  a  greyiuS  matter  which  contains  fix- 
ed 
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ed  nitre,  vitriolated  tartar,  and  the  reguline  part  of  the  An- 
timony in  fome  meafure  deprived  of  its  phlogifton,  and  half 
vitrified  by  the  a&ion  of  the  fire,  which  is  confiderably  in- 
creafed  by  the  deflagration.  This  matter  is  called  Liver  of 
Antimony. 

If,  inftead  of  equal  parts  of  nitre  and  Antimony,  two  parts 
of  the  former  be  ufed  to  one  of  the  latter,  then  the  reguline 
part  lofes  much  more  of  its  phlogifton,  and  remains  in  the 
form  of  a  yellowim  powder. 

Again,  if  three  parts  of  nitre  be  taken  to  one  of  Antimo* 
ny,  the  Regulus  is  thereby  entirely  robbed  of  its  phlogifton, 
and  converted  to  a  white  calx,  which  bears  the  name  of  Dia- 
phoretic Antimony,  or  Diaphoretic  Mineral.  The  pearly 
matter  may  be  precipitated  by  pouring  an  acid  on  the  faline 
fubftances  which  here  remain  after  the  detonation,  in  the 
fame  manner  as  we  fhewed  above  was  to  be  done  with  regard 
to  the  Regulus. 

In  the  two  lafl  operations,  where  the  nitre  is  in  a  double 
or  triple  proportion  to  the  Antimony,  the  reguline  part  is 
found  after  the  detonation  to  be  converted  into  a  calx,  and 
not  into  a  half-vitrified  matter,  which  we  have  feen  is  the  ef* 
feci:  when  equal  parts  only  of  nitre  and  Antimony  are  ufed. 
The  reafon  of  this  difference  is,  that  in  thefe  two  cafes  the 
reguline  part,  being  wholly,  or  almoft  wholly,  deprived  o£ 
its  phlogifton,  becomes,  as  was  obferved,  more  difficult  to 
fufe,  and  confequently  cannot  begin  to  vitrify  in  the  fame 
degree  of  heat  as  that  which  hath  not  loft  fo  much  of  its; 
phlogifton.  If,  inftead  of  performing  the  operation  with  e- 
qual  parts  of  nitre  and  Antimony  alone,  a  portion  of  fome 
fubftance  which  abounds  with  phlogifton  be  added,  in  that 
cafe  the  fulphur  only  of  the  Antimony  will  be  confumed,  and 
the  Regulus  will  remain  united  with  its  phlogifton  and  fepa- 
rated  from  its  fulphur. 

The  Regulus  prepared  in  this  manner  is  abfolutely  pure, 
becaufe  no  metalline  fubftance  being  employed,  none  can 
mix  with  and  adulterate  it.  It  is  called  Regulus  of  Antimony 
•per  fe,  or  only  Regulus  of  Antimony. 

It  is  true  indeed  that  in  this  operation  much  of  the  regu- 
line part  unavoidably  lofes  its  phlogifton  and  is  calcined,  and 
confequently  a  much  fmaller  quantity  of  Regulus  is  obtain- 
ed than  when  metalline  precipitants  are  employed  :  but  this 
lofs  is  eafily  repaired,  if  it  be  thought  proper,  by  reltoring 
to  the  calcined  part  its  loft  phlogifton. 

Antimony  melted  with  two  parts  of  fixed  alkali  yields  no 
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Regulus,  but  is  entirely  diffolved  by  the  fait,  and  forms  with 
it  a  rnafs  of  a  reddifh  yellow  colour. 

The  reafon  why  no  precipitate  is  produced  on  this  occa- 
fion  is,  that  the  alkali  uniting  with  the  fulphur  of  the  An- 
timony forms  therewith  the  combination  called  Liver  of  Sul- 
phur, which  by  its  nature  is  qualified  to  keep  the  reguline 
part  difiblved.  This  mafs  formed  by  the  union  of  the  kn- 
timony  with  the  alkali  is  foluble  in  water.  If  any  acid 
whatever  be  dropt  into  this  folution,  there  falls  a  precipitate 
of  a  reddifh  yellow  colour  ;  becaufe  the  acid  unites  with  tbe 
alkali,  and  forces  it  to  quit  the  matters  with  which  it  ivas 
combined.  This  precipitate  is  called  Golden  Sulphur  of  4n* 
timony. 

As  in  the  operation  for  preparing  Regukis  of  Jntimony  per 
fe>  fome  of  the  nitre  is,  by  the  inflammable  matters  added 
thereto,  turned  to  an  alkali,  this  alkali  feizes  on  part  of  the 
Antimony,  and  therewith  forms  a  compound  like  that  juft 
defcribed.  Hence  it  comes,  that  if  the  fcoria  formed  in  this 
procefs  be  diifolved  in  water,  and  an  acid  dropped  into  the 
folution,  a  true  golden  fulphur  of  Antimony  is  thereby  fepa- 
rated. 

This  union  of  Antimony  with  an  alkali  may  alfo  be  brought 
about  by  the  humid  way,  that  is,  by  making  ufe  of  an  alkali 
refolved  into  a  liquor,  and  boiling  the  mineral  in  it.  The 
alkaline  liquor,  in  proportion  as  it  adls  upon  the  Antimony^ 
gradually  becomes  reddifh  and  turbid.  If  Ich  to  fettle  and 
fool  when  well  iaturated  therewith,  it  gradually  depofites  the 
Antimony  it  had  taken  up,  which  precipitates  in  the  form  of 
a  red  powder ;  and  this  precipitate  is  the  celebrated  remedy 
known  by  the  name  of  Kermes  Mineral.  It  is  plain  that  the 
kermes  is  nearly  the  fame  thing  with  the  golden  fulphur :  yet 
it  differs  from  it  in  fome  refpe&s ;  and  efpecially  in  this,  that 
being  taken  inwardly  it  operates  much  more  gently  than  the 
golden  fulphur,  which  is  a  violent  emetic.  Nitre  fixed  by 
charcoal,  and  refolved  into  a  liquor,  is  the  only  alkali  em- 
ployed in  preparing  the  kermes. 

It  was  fhewn  above,  that  Regulus  of  Antimony  mixed  and 
diftilled  with  corrofive  fublimate  decompounds  it,  difengages 
the  Mercury,  and  joining  itfelf  to  the  marine  acid  forms 
therewith  a  new  combination,  called  Butter  of  Antimony. 
If  the  fame  operation  be  performed  with  crude  Antimony 
inflead  of  its  Regulus,  the  fame  effects  are  produced  :  but 
then  the  Antimony  itfelf  is  alfo  decompofed ;  that  is,  the 
reguline  part  is  feparated  from  the  fulphur,  wrpich  being  fet 
free  unites  with  the  Mercury,  now  alio  at  liberty,  and  thefe 
"'-'•'  two 
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two  together  form  a  true  cinabar,  called  Cinabar  of  AntU 
wtony. 

SECTION    II. 

Of  Bismuth. 

Bismuth,  known  alfo  by  the  name  of  Tin-glai*',  is  a 
femi-metal,  having  almoft  the  fame  appearance  as  hegulus 
pi  Antimony;  yet  it  has  a  more  dufky  carl,  inclining  feme- 
what  to  red,  and  even  prefents  fame  changeable  ilreaks, 
efpecially  after  lying  long  in  the  air. 

When  expofed  to  the  fire  it  melts  long  before  it  is  red,  and 
ponfequently  with  lefs  heat  than  Regulus  of  Antimony, 
which  does  not  flow,  as  was  (hewn  above,  till  it  begin  to  be 
red-hot.  It  becomes  yolatile,  like  all  the  other  femi- metals, 
when  a£ted  on  by  a  violent  fire :  being  kept  in  fufion  by  a 
proper  degree  of  heat  it  lofes  its  phlogifton  with  its  metallic 
form,  and  turns  to  a  powder  or  a  calx ;  and  that  again  h 
^converted  into  glafs  by  the  continued  action  of  fire.  The 
£alx  and  glafs  of  Bifmuth  may  be  reduced,  like  any  other 
metallic  calx,  by  reiloring  their  phlogifton. 

Bifmuth  mixes  with  all  the  metals  in  fufion,  and  even  fa* 
eilitates  the  fufion  of  fuch  as  do  not  otherwife  flow  readily. 
It  whitens  them  by  its  union,  and  deftroys  their  malleabi- 
lity. 

It  amalgamates  with  Mercury,  if  they  be  rubbed  together 
with  the  addition  of  water :  yet  after  fome  time  thefe  two 
metalline  fubftances  defert  each  other,  and  the  Bifmuth  ap- 
pears again  in  the  form  of  a  powder.  Hence  it  is  plain,  that 
the  union  it  contracts  with  Mercury  is  not  perfect  ;  and  yet 
it  has  the  lingular  property  of  attenuating  Lead,  and  alter- 
ing it  in  fuch  a  manner  that  it  afterwards  amalgamates  with 
Mercury  much  more  perfectly,  fo  as  even  to  pals  with  it 
through  fhamoy  leather  without  any  feparation.  The  Bif* 
muth  employed  in  making  this  amalgama  afterwards  fepa- 
rates  from  it  fpontaneourly,  as  ufual ;  but  the  Lead  ftill  con- 
tinues united  with  the  Mercury,  and  always  retains  the  pro- 
perty thus  acquired. 

The  vitriolic  acid  does  pot  difiblve  Bifmuth :  its  proper 
fplvent  is  the  nitrous  acid,  which  dilTolves  it  with  violence, 
and  abundance  of  fumes. 

Bifmuth  dilTolved  in  the  nitrous  acid  is  precipitated  not  on-f- 
ly by  alkalis,  but  even  by  the  bare  addition  of  water.     This 

precipitate 
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precipitate  is  extremely  white,  and  known  by  the  name  of 
Magiftery  of  Bifmuth. 

The  acid  of  fea-falt  and  aqua  regis  likewife  a&  upon  Bif- 
muth, but  with  lefs  violence. 

This  femi-metal  does  not  fenfibly  deflagrate  with  nitre ; 
yet  it  is  quickly  deprived  of  its  phlogifton,  and  turned  into 
a  vitFifiable  calx,  when  expofed  with  it  to  the  action  of  fire* 

It  readily  unites  with  fulphur  in  fufion,  and  forms  there- 
%with  a  compound  which  appears  to  confift  of  needles  adher- 
ing laterally  to  each  other. 

It  may  be  feparated  from  the  fulphur  with  which  is  is  com- 
bined, by  only  expofing  it  to  the  fire,  without  any  addita- 
ment;  for  the  fulphur  is  either  confumed  or  fublimed,  and 
leaves  the  Bifmuth  behind. 

SECTION     HI, 

Of    Zinc. 

£inc  to  appearance  differs  but  little  from  Bifmuth,  and 
lias  even  been  confounded  with  it  by  feveral  authors.  Never- 
fehelefs,  befides  that  it  has  fomething  of  a  blueifh  caft,  and 
is  harder  than  Bifmuth,  it  differs  from  it  effentially  in  its 
properties,  as  will  prefently  be  (hewn.  Thefe  two  metallic 
iubftances  fcarce  refemble  each  other  in  any  thing,  but  the 
qualities  common  to  all  femi-metals. 

Zinc  melts  the  moment  it  grows  red  in  the  fire,  and  then 
alfo  begins  to  turn  to  a  calx,  which,  like  any  other  metallic 
calx,  may  be  reduced  by  means  of  the  phlogifton :  but  if  the 
fire  be  confiderably  increafed,  it  fublimes,  flames,  and  burns 
like  an  oily  matter;  which  is  a  proof  of  the  great  quantity 
of  phlogifton  in  its  compofition.  At  the  fame  time  abun- 
dance of  flowers  rife  from  it  in  the  form  of  white  flakes,  fly- 
ing about  in  the  air  like  very  light  bodies;  and  into  this 
form  may  the  whole  fubftance  of  the  Zinc  be  converted.  Seve- 
ral names  have  been  given  to  thefe  flowers,  fuch  as  Pompho- 
lyx,  Philofophic  Wool.  They  are  fuppofed  to  be  no  other  than 
the  Zinc  itfelf  deprived  of  its  phlogifton ;  yet  no  body  has 
hitherto  been  able  to  refufcitate  them  in  the  form  of  Zinc, 
by  reftoring  their  phlogifton  according  to  the  methods  ufed 
in  the  reduction  of  metals.  Though  they  rife  in  the  air 
with  very  great  eafe  while  the  Zinc  is  calcining,  yet  when 
once  formed  they  are  very  fixed;  for  they  withftand  the  ut- 
moft  violence  of   fire,    and  are  capable  of  being  vitrified, 

especially 
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efpecially  if  joined  with  a  fixed  alkali.      They  are  foluble  in 
acids. 

Zinc  unites  with  all  metalline  fubftances,  except  Bifmuth. 
It  has  this  fingular  property,  that  being  mixed  with  Copper, 
even  in  a  confiderable  quantity,  fuch  as  a  fourth  part,  it  does 
not  greatly  lefTen  the  ductility  thereof,  and  at  the  fame  time 
communicates  to  it  a  very  beautiful  colour  not  unlike  that  of 
Gold  :  on  which  account  the  compofition  is  frequently  made, 
and  produces  what  is  called  Brafs.  This  metal  melts  much 
more  eafily  than  Copper  alone,  becaufe  of  the  Zinc  with 
which  it  is  alloyed.  If  it  be  expofed  to  a  great  degree  of 
heat,  the  Zinc  which  it  contains  takes  fire,  and  fublimes  in 
white  flowers,  juft  as  when  it  is  pure. 

It  is  to  be  obferved,  that  Brafs  is  ductile  only  while  it  is 
cold,  and  not  then,  unlefs  the  Zinc  ufed  in  making  it  was 
very  pure ;  otherwife  the  compofition  will  prove  but  a  7em- 
bac  or  Prince's  Metal,  having  very  little  malleability. 

Zinc  is  very  volatile,  and  carries  off  with  it  any  metallic 
fubftance  with  which  it  is  fufed,  making  a  kind  of  fublimate 
thereof.  In  the  furnaces  where  they  fmelt  ores  containing 
Zinc,  the  matter  thus  fublimed  is  called  Cadmia  Fornacum, 
to  diftinguifh  it  from  the  native  Cadmia  called  alfo  Calamine* 
or  Lapis  Calaminaris ;  which,  properly  fpeaking,  is  an  ore 
of  Zinc,  containing  a  great  deal  of  that  femi-metal,  toge- 
ther with  fome  Iron,  and  a  ftony  fubftance.  The  name  of 
Cadmia  Fornacum  is  not  appropriated  folely  to  the  metallic 
fublimates  procured  by  means  of  Zinc,  but  is  given  in  ge- 
neral to  all  the  metallic  fublimates  found  in  (melting  houfes. 

If  a  violent  and  fudden  heat  be  applied  to  Zinc,  it  fub- 
limes in  its  metalline  form;  there  not  being  time  for  it  to 
burn  and  be  refolved  into  flowers. 

This  femi-metal  is  foluble  in  all  the  acids,  but  efpecially 
in  fpirit  of  nitre,  which  attacks  and  difTolves  it  with  very 
great  violence. 

Zinc  has  a  greater  affinity  than  iron  or  copper  with  the 
vitriolic  acid  ;  and  therefore  it  decompounds  the  green  and 
blue  vitriols,  precipitating  thofe  two  metals  by  uniting  with 
the  vitriolic  acid,  with  which  it  forms  a  metallic  fait,  or  vi- 
triol, called  White  Vitriol,  or  Vitriol  of  Zinc. 

Nitre  mixed  with  Zinc,  and  projected  into  a  red-hot  cru- 
cible, detonates  with  violence,  and  during  the  detonation 
there  rifes  a  great  quantity  of  white  flowers,  like  thofe  which 
appear  when  it  is  calcined  by  itfelf. 

Sulphur  has  no  power  over  Zinc,     Even  liver  of  fulphur, 

which 


72  ELEMENTS     of     the        Chap;  $h 

which   diflolves   all  other   metallic   fubftances,  contracts  no 
union  with  this  femi-metal. 

Meffrs.  Hellot  and  Malouin  have  bellowed  a  great  deal  of 
pains  on  this  femi-metal.  An  account  of  their  experiments 
is  to  be  found  in  the  Memoirs  of  the  Academy  of  Sciences* 

SECTION    IV. 

Of  Regulus  of  Arsenic. 

Regulus  of  Arfenic  is  the  mod  volatile  of  all  the  femi- 
metals.  A  very  moderate  heat  makes  it  wholly  evaporate, 
and  fly  off  in  fumes  ;  on  which  account  it  cannot  be  brought 
to  fufion,  nor  can  any  considerable  maffes  thereof  be  obtain- 
ed. It  has  a  metallic  colour,  fomewhat  refembling  Lead  5 
but  it  foon  lofes  its  ipiendour  when  expofed  to  the  air. 

It  unites  readily  enough  with  metallic  fubftances,  having 
the  fame  affinities  with  them  as  Regulus  of  Antimony  hath. 
It  makes  them  brittle,  and  unmaileabie.  It  hath  alfo  the 
property  of  rendering  them  volatile,  and  greatly  facilitates 
their  fcoriflcation. 

It  very  eafily  parts  with  its  phlcgifton  and  its  metallic  form. 
When  expofed  to  the  fire  it  rifes  in  a  kind  of  mining  crys- 
talline calx,  which,  on  that  account,  looks  more  like  a  fa- 
line  matter  than  a  metallic  calx.  To  this  calx  or  thefe  flowers 
are  given  the  names  of  White  Jrfenic>  Cryjlalline  Arfcnic> 
and  mod  commonly  plain  Arfenic. 

The  properties  of  this  fubftance  are  very  fingular,  and  ex- 
tremely different  from  thofe  of  any  other  metallic  calx.  Hi- 
therto it  hath  been  but  little  examined ;  and  this  led  me  to 
make  fome  attempts  towards  difcovering  its  nature,  which 
may  be  feen  in  the  Memoirs  of  the  Academy  of  Sciences. 

Arfenic  differs  from  every  other  metalline  calx,  firit,  in 
being  volatile;  whereas  the  calces  of  all  other  metallic  fub- 
ftances, not  excepting  thofe  of  the  moll:  volatile  femi- metals, 
fuch  as  Regulus  of  Antimony  and  Zinc,  are  exceeding  fix- 
ed; and,  feconjlly,  in  having  a  faline  character,  which  is  not 
found  in  any  other  metalline  calx. 

The  faline  character  of  Arfenic  appears,  nrft,  from  its 
being  foluble  in  water  ;  fecondly,  from  its  corroiive  quality, 
"which  makes  it  one  of  the  molt  violent  poifons:  a  quality 
from  which  the  other  metallic  fubftances  are  free,  when  they 
are  not  combined  with  fome  faline  matter.  Regulus  of  An- 
timony irmft  however  be  excepted.  But  then  the  beft  Chy* 
mifts  agree  that  this  femi-metal  is  either  nearly  of  the  fame 
i  nature 
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nature  with  Arfenic,  or  contains  a  portion  thereof  in  its 
compofition :  befides,  its  noxious  qualities  never  difcover 
thernfelves  fo  plainly  as  when  it  is  combined  with  fome  acid. 
Laftly,  Arfenic  acts  juft  like  the  vitriolic  acid  upon  nitre  ; 
that  is,  it  decompounds  that  neutral  fait,  by  expelling  its 
acid  from  its  alkaline  bafis,  of  which  it  takes  poffeffion,  and 
therewith  forms  a  new  faline  compound. 

This  combination  is  a  fpecies  of  fait  that  is  perfectly  neu- 
tral. When  the  operation  is  performed  in  a  clofe  veffel,  the 
fait  fhoots  into  cryftals  in  the  form  of  right-angled  quadran- 
gular prifms,  terminated  at  each  extremity  by  pyramids  that 
are  alfo  quadrangular  and  right  angled;  fome  of  which  how- 
ever, inftead  of  ending  in  a  point,  are  obtufe  as  if  truncat- 
ed. The  confequence  is  different  when  the  operation  is  per- 
formed in  an  open  veffel ;  for  then  nothing  is  obtained  but 
an  alkaline  fait  impregnated  with  Arfenic,  which  cannot  be 
cryftallized. 

The  caufe  of  this  different  effect  is,  that,  when  the  Arfe- 
nic is  once  engaged  in  the  alkaline  bafis  of  the  nitre,  it  Cnii 
never  be  feparated  from  it  by  the  utmoft  force  of  fire,  fo  long 
as  it  is  kept  in  a  clofe  veffel ;  whereas,  if  you  expofe  it  to 
the  fire  without  that  precaution,  it  readily  ieparates  from  it. 
This  property  of  arfenic  was  never  before  obferved  by  any 
Chymiit,  and  therefore  this  our  new  fpecies  of  Neutral  arfe- 
nical  fait  was  abfolutely  unknown  till  lately. 

This  new  fait  pofleffes  many  lingular  properties,  the  chief 
of  which  are  thefc.  Firft,  it  cannot  be  decompounded  by 
the  intervention  of  any  acid,  even  the  ftrongefl  acid  of  vi- 
triol ;  and  this,  joined  to  its  property  of  expelling  the  nitrous 
acid  from  its  bafis,  (hews  that  it  has  a  very  great  affinity 
with  fixed  alkalis. 

Secondly,  this  very  fait,  on  which  pure  acids  have  no  ef- 
fect, is  decompounded  with  the  greatefl  eafe  by  acids  united 
with  metallic  fubftances.  The  reafon  of  this  phenomenon 
is  curious,  and  furnifhes  us  with  an  inftance  of  what  we  ad- 
vanced concerning  double  affinities. 

If  to  a  refolution  of  any  metallic  fubflance  whatever, 
made  by  any  acid  whatever,  (except  that  of  JYiercury  by  the 
marine  acid,  and  that  of  Gold  by  aqua  regis  J,  a  certain 
quantity  of  our  New  Salt  diffolved  in  water  be  added,  the 
metallic  fubflance  is  inftantaneoufly  feparated  from  the  acid 
in  which  it  was  diffolved,  and  falls  to  the  bottom  of  the  li- 
quor. 

All  metallic  precipitates  obtained  in  this  manner  are  found 
to  be  a  combination  of  the  metal  with  Arfenic;    whence  it 

lv  neceffhiily 
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neceffaiily  follows  that  the  new  Neutral  Salt  is  by  this  means 
decompounded,  its  arfenical  part  uniting  with  the  metallic 
fubflance,  and  its  alkaline  bafis  with  the  acid  in  which  that 
fubflance  was  diiTolved. 

The  affinities  of  thefe  feveral  bodies  muft  be  considered  as 
operating  on  this  occafion  in  the  following  manner:  The 
acids  which  tend  to  decompound  the  Neutral  Salt  of  Arfenic, 
by  virtue  of  their  affinity  with  its  alkaline  bafis,  are  not  able 
to  accomplifh  it,  becaufe  this  affinity  is  powerfully  counter- 
acted by  that  which  the  Arfenic  has  with  the  fame  alkaline 
bafis,  and  which  is  equal  or  even  fuperior  to  theirs.  But  if 
thefe  acids  happen  to  be  united  with  a  fubflance  which  natu- 
rally has  a  very  great  affinity  with  the  arfenical  part  of  the 
Neutral  Salt,  then,  the  two  parts  of  which  this  Salt  confifts 
being  drawn  different  ways  by  two  feveral  affinities  tending 
to  feparate  them  from  each  other,  the  Salt  will  undergo  a 
decomposition,  which  could  not  have  been  effected  without 
the  help  of  this  fecond  affinity.  Now,  as  metallic  fubflan- 
ces  have  a  great  affinity  with  Arfenic,  it  is  not  furprifing 
that  that  the  Neutral  Salt  of  Arfenic,  which  cannot  be  de- 
compounded by  a  pure  acid,  mould  neverthelefs  yield  to  an 
acid  combined  with  a  metal.  The  decomposition  of  this 
Salt,  therefore,  and  the  precipitation  which  of  courfe  it  pro- 
duces in  metallic  folutions,  are  brought  about  by  the  means 
of  a  double  affinity ;  namely,  that  of  the  acid  with  the  al- 
kaline bafis  of  the  Neutral  Salt,  and  that  of  the  metal  with 
the  arfenical  part  of  that  fait. 

Arfenic  has  not  the  fame  effect  on  fea-falt  as  on  nitre,  and 
cannot  expel  its  acid  :  a  very  lingular  phenomenon,  for 
which  it  is  hard  to  affign  a  reafon  ;  for  the  nitrous  acid  is 
known  to  have  a  greater  affinity  than  the  marine  acid  with 
alkalis,  and  even  with  the  bafis  of  fea-falt  itfelf. 

Yet  Arfenic  may  be  combined  with  the  bafis  of  fea-falt, 
and  a  Neutral  Salt  thereby  obtained,  like  that  which  refults 
from  the  decompofition  of  nitre  by  Arfenic:  but  for  that 
purpofe  a  quadrangular  nitre  muff  be  firft  prepared,  and  Ar- 
fenic applied  thereto  as  to  common  nitre. 

The  Salt  produced  by  uniting  Arfenic  with  the  bafis  of 
fea-falt  very  much  refembles  the  Neutral  Salt  of  Arfenic 
above  treated  of  as  well  in  the  figure  of  its  cryftals  as  in  its 
feveral  properties. 

Arfenic  prefents  another  lingular  phenomenon,  both  with 
the  alkali  of  nitre  and  with  that  of  fea-falt;  which  is,  that  if  it  be 
combined  with  thefe  falts  in  a  fluid  ftate,  it  forms  with  them 

a  faline 
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a  faline  compound,  quite  different  from  the  Neutral  Saks  of 
Arfenic  which  refult  from  the  decompofition  of  nitrous  falls. 

This  faline  compound,  which  I  call  Liver  of  Arfenic •,  takes 
up  a  much  greater  quantity  of  Arfenic  than  is  neceffary  for 
the  perfect  faturation  of  the  alkali.  It  has  the  appearance 
of  a  glue,  which  is  fo  much  the  thicker  the  more  Arfenic  it 
contains.  Its  fmell  is  difagreeable ;  it  attracts  the  moifture 
of  the  air,  and  does  not  cryftallize  ;  it  is  eafily  decompound- 
ed by  any  acid  whatever,  which  precipitates  the  Arfenic  and 
unites  with  the  alkali.  Laftly,  the  effects  it  produces  en 
metallic  foiutions  are  different  from  thole  of  our  neutral  ar- 
fenical  falts.  But  the  bounds  which  I  have  fet  myfelf  in  this 
treatife  will  not  allow  me  to  be  more  particular.  Such  as 
have  the  curiofity  to  inquire  further  into  the  fubje£f.  may 
confuk  my  DiiTertations  on  Arfenic,  publifhed  among  the 
Memoirs  of  the  Academy  of  Sciences. 

Arfenic  is  eafily  reduced  to  a  Regulus.  It  need  only  be 
mixed  with  any  matter  containing  the  phlogifton,  and  by 
the  help  of  a  moderate  heat  a  true  R.egulus  will  fublime. 
This  Pvegulus,  as  was  faid,  is  very  volatile,  and  calcines 
with  the  greateft  eafe ;  which  is  the  reafon  why  it  cannot  be 
obtained  but  in  fmall  quantities,  and  alfo  why,  in  order  to 
obtain  maffes  of  it,  fome  have  thought  of  adding  thereto 
fome  metal  with  which  it  has  a  great  affinity,  fuch  as  Copper 
or  Iron ;  becaufe,  by  joining  with  the  metal,  it  is  partly  fix- 
ed and  reftrained  from  flying  off.  But  it  is  plain  the  Regu- 
lus obtained  by  this  means  is  not  pure,  as  it  muff  partake 
confiderably  of  the  metal  employed. 

Arfenic  readily  unites  with  fuiphur,  and  rifes  with  it  in 
a  yellow  compound,  called  Orpiment. 

Sulphur  cannot  be  feparated  from  Arfenic  but  by  the  in- 
tervention of  two  bodies  only;  to  wit,  a  fixed  alkali  and 
Mercury. 

The  property  which  Mercury  poffeffes  of  feparating  fui- 
phur from  Arfenic  ib  founded  on  this,  that  thefe  two  metal* 
lie  fubftances  are  incapable  of  contracting  any  union;  where- 
as, though  molt  of  the  other  metals  and  femi-metals  have  a 
greater  affinity  with  fuiphur  than  Mercury  hath,  as  was 
{hewn  in  treating  of  the  decompofition  of  Cinabar,  never- 
thelefs  they  are  all  unable  to  decompound  Orpiment ;  becaufe 
fome  of  them  have  as  great  an  affinity  with  Arfenic  as  with 
fuiphur;  others  have  no  affinity  with  either;  and  laftly, 
fuiphur  hath  as  great  an  affinity  with  Arfenic  as  with  any  of 
them. 

K     2  V: 
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It  mull  be  obferved  that,  if  fixed  alkalis  be  employed  to 
purify  Arfenic  in  this  manner,  no  more  muft  be  ufed  than 
is  neceflary  to  abforb  the  fulphur  or  the  phlogifton,  of  which 
alfo  it  is  their  nature  to  deprive  Arfenic  ;  for  otherwife,  as  it 
has  been  (hewn  that  Arfenic  readily  unites  with  alkalis,  they 
would  abforb  a  confiderable  quantity  thereof. 


CHAP.        X. 

Of  Oil  in  general. 

OI  L  is  an  unctuous  body,  which,  burns  and  confumes 
with  flame  and  fmoke,  and  is  not  foluble  in  water.  It 
confifts  of  the  phlogifton  united  with  water  by  means  of  an 
acid.  There  is,  moreover,  in  its  compofition  a  certain  pro- 
portion of  earth,  more  or  lefs,  according  to  each  feveral  fort 
of  Oil 

The  inflammability  of  Oil  evidently  proves  that  it  contains 
the  phlogifton.  That  an  acid  is  one  of  its  conftituent  prin- 
ciples many  experiments  demonstrate,,  of  which  thefe  are  the 
chief:  If  certain  Oils  be  long  triturated  with  an  alkaline 
fait,  and  the  alkali  afterwards  diflblved  in  water,  cryflals  of 
a  true  neutral  fait  will  be  produced  :  fome  metals,  and  par- 
ticularly Copper,  are  corroded  and  rufted  by  Oils,  juft  as 
they  are  by  acids  :  again,  acid  cryflals  are  found  in  fome 
Oils  that  have  been  long  kept.  This  acid  in  Oil  ferves  un- 
doubtedly to  unite  its  phlogifton  with  its  water;  becaufe  thefe 
two  fubftances  having  no  affinity  with  each  other  cannot  be 
united  without  the  intervention  of  fuch  a  medium  as  an  a- 
cid,  which  has  an  affinity  with  both.  As  to  the  exiftence  of 
water  in  Oils,  it  appears  plainly  when  they  are  decompofed 
by  repeated  diftillations,  efpecially  after  mixing  them  with 
abforbent  earths.  Laftly,  when  an  Oil  is  deftroyed  by  burn- 
ing, a  certain  quantity  of  earth  is  conftantly  left  behind. 

We  are  very  fure  that  the  abovementioned  principles  enter 
into  the  compofition  of  Oils  •,  for  they  may  be  obtained  from 
every  one  of  them  :  but  it  is  not  abfolutely  certain  that  they 
coniift  of  thefe  only,  and  that  they  do  not  contain  fome  other 
principle  which  may  efcape  our  notice  in  decompofmg  them; 
for  hitherto  it  doth  not  appear,  by  any  experiment  we  can 
depend  on,  that  Oil  was  ever  produced  by  combining  toge- 
ther the  principles  here  fpecified  :    yet  fuch  redintegrations 

are 
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are  the  only  means  we  have  of  fatisfying  ourfelves  that  we 
know  all  the  principles  which  conftitute  a  body. 

Oils  expofed  to  the  fire  in  clofe  veflels  pais  over  almoft 
wholly  from  the  containing  vefTel  into  any  other  applied  to  re- 
ceive them.  There  remains,  however,  a  fmall  quantity  of 
black  matter,  which  is  extremely  fixed,  and  continues  unal- 
terable as  long  as  it  hath  no  communication  with  the  external 
air,  be  the  force  of  the  fire  ever  fo  violent.  This  matter  is 
no  other  than  part  of  the  phlogiflon  of  the  Oil  united  with 
its  moft  fixed  and  groflefl  earth  ;  and  this  is  what  we  called 
Charcoal^  or  plainly  a  Coal. 

SECTION      I. 

Of    Charcoal. 

"When  Oil  happens  to  be  united  to  much  earth,  as  it  is 
in  vegetable  and  animal  bodies,  it  leaves  a  confiderable  quan- 
tity of  Coal  or  charred  matter. 

This  Coal,  expofed  to  the  fire  in  the  open  air,  burns  and 
wafles,  but  without  blazing  like  other  combuftible  matters  : 
there  appears  only  a  fmall  blueiih  flame,  but  not  the  lead 
fmoke.  Moft  commonly  it  only  glows  and  fparkles,  and  fo 
gradually  falls  into  afhes,  which  are  nothing  but  the  earth  of 
the  body,  combined  with  an  alkaline  fait  in  burning.  This 
alkaline  fait  may  be  feparated  from  the  earth,  by  lixiviating 
the  afhes  with  water,  which  diffolves  all  the  fait,  and  leaves 
the  earth  quite  pure. 

Charcoal  is  unalterable  and  indeftructible  by  any  other 
body  but  fire ;  whence  it  follows,  that  when  it  is  not  actually 
kindled  and  ignited,  the  moll  powerful  agents,  fuch  as  the 
acids,  though  ever  fo  ftrong  and  concentrated,  have  not  the 
leaft  effect  on  it. 

The  cafe  is  otherwife  when  it  is  lighted,  that  is,  when  its 
phlogiflon  begins  to  feparate  from  its  earth  ;  for  then  the  pure 
acid  of  vitriol  being  joined  therewith,  contracts  an  inftanta- 
neous  union  with  its  phlogiflon,  and  evaporates  in  a  volatile 
fulphureous  fpirit.  If  the  vitriolic  acid,  inflead  of  being  ap- 
pled  quite  pure,  be  fir  ft  clogged  with  fome  bafis,  efpecially 
an  alkaline  one,  it  quits  that  bafis,  enters  into  a  more  inti- 
mate union  with  the  phlogiflon  of  the  burning  Coal,  and  fo 
forms  an  actual  fulphur,  with  which  the  alkali  now  unites 
and  forms  a  hepar. 

The  pure  acid  of  fea-falt  hath  not  been  obferved  to  act  in 
the  leaft  upon  Charcoal,  efpecially  when  it  is  not  on  fire. 

But 
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But  when  this  acid  is  incorporated  with  an  alkaline  or  metal- 
lic bafis,  and  combined  according  to  a  peculiar  procefs  with 
burning  Charcoal,  it  in  like  manner  quits  its  bafis,  unites 
with  the  phlogiilon,  and  therewith  forms  a  phofphorus,  of 
which  we  have  already  taken  notice. 

Nor  has  the  pure  nitrous  acid  any  efFe&  on  a  charred  Coal, 
even  when  ignited:  and  fo  far  is  it  from  being  able  to  kindle 
a  cold  one,  that  when  poured  on  a  live  one,  it  extinguifhes 
it  like  water.  But  when  this  acid  is  united  with  a  bafis,  it 
quits  it  rapidly  as  focn  as  it  touches  a  burning  coal,  and 
rufhes  violently  into  an  union  with  the  phlogifton  thereof. 
From  this  union  there  probably  arifes,  as  we  faid  before,  a 
kind  of  fulphur  or  phofphorus,  which  is  fo  inflammable  as  to 
be  deftroyed  by  the  fire  the  very  moment  it  is  generated. 

The  acids  of  nitre  and  vitriol  act  upon  Oils ;  but  very  dif- 
ferently, according  to  the  quantity  of  phlegm  they  contain. 
If  they  be  weakened  with  much  water,  they  have  no  effect  at 
all  upon  Oils  j  if  they  contain  little  water,  or  be  dephlegma- 
ted  to  a  certain  degree,  they  diflblve  them  with  heat,  and 
with  them  form  compounds  of  a  thick  confiitence.  Acids, 
thus  combined  in  a  confiderable  proportion  with  Oils,  render 
them  foluble  in  water. 

SECTION    II. 

Of    Soa  P. 

Alkalis  alfo  have  the  fame  property.  When  an  Oil  is 
combined  with  an  acid  or  an  alkali  in  fuch  a  manner,  that 
the  compound  refulting  from  their  union  is  foluble  in  water  5 
fuch  a  compound  may  in  general  be  called  a  Soap.  Soap  it- 
i'elf  hath  the  property  of  rendering  fat  bodies  in  fome  meafure 
foluble  in  water  j  on  which  account  it  is  very  ufeful  for  fcour- 
ing  or  cleanfing  any  thing  greafy. 

Oily  and  faline  fubftances,  combined  together,  obferve  the 
fame  general  rules  as  all  other  combinations ;  that  is,  they 
mutually  communicate  the  properties  belonging  to  each  :  thus 
Oils,  which  naturally  are  not  foluble  in  water,  acquire,  by 
their  union  with  faline  matters,  the  property  of  diflblving 
therein  ;  and  falts  lofe,  by  their  conjunction  with  Oils,  part 
of  their  natural  tendency  to  incorporate  with  water  j  fo  that, 
while  they  ferve  to  conftitute  foap,  they  do  not,  as  before, 
attract:  the  moifture  of  the  air,  <bc.  and,  in  like  manner,  as 
they  are  not  inflammable,  they  confiderably  leflen  the  inflam- 
rnabilitv  of  the  Oils  combined  with  them. 

Acid 
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Acid  Soaps  are  decompounded  by  alkalis,  as  alkaline 
Soaps  are  by  acids,  according  to  the  general  rules  of  affini- 
ties. 

The  acids  of  nitre  and  vitriol,  when  highly  concentrated, 
diflblve  Oils  with  fuch  violence  as  to  heat  them,  make  them 
black,  burn  them,  and  even  fet  them  on  fire.  How  fea-falt 
afFe£ts  Oils  is  not  yet  fufficiently  afcertained. 

All  Oils  have  the  property  of  diflblving  fulphur ;  which  is 
not  at  all  furprifing,  feeing  each  of  its  component  principles 
hath  an  affinity  with  Oil. 

It  is  alfo  a  property  common  to  all  Oils  to  become  more 
fluid,  fubtile,  light,  and  limpid,  the  oftener  they  are  diftil- 
led.  On  the  contrary,  by  being  incorporated  with  faline 
fubftances  they  acquire  a  greater  confiftence,  and  fometimes 
form  compounds  that  are  mod  folid. 


CHAP.        XI. 

Of  the  feveral  Sorts  of  O  i  l  s. 

OILS  are  diftinguifhed  by  the  fubftances  from  which 
they  are  drawn  :  and  as  Oils  are  extracted  from  mine- 
rals, from  vegetables,  and  from  animals,  there  are  of  courfe 
Mineral,  Vegetable,  and  Animal  Oils. 

SECTION     I. 

Of    Mineral    Oils. 

In  the  bowels  of  the  earth  we  find  but  one  fort  of  Oil, 
called  Petroleum :  its  fmell  is  ftrong  and  not  difagreeable, 
and  its  colour  fometimes  more  fometimes  lefs  yellow.  There 
are  certain  mineral  fubftances  which  yield  by  diftillation  a 
great  deal  of  Oil  very  like  Petroleum.  This  fort  of  fubftance 
is  called  a  Bitumen,  and  is,  indeed,  nothing  but  an  Oil  ren- 
dered coniiftent  and  folid  by  being  combined  with  an  acid ; 
as  appears  from  hence,  that  by  uniting  Petroleum  with  the 
acid  of  vitriol  we  can  produce  an  artificial  Bitumen  very  like 
the  native. 


SECTION 
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SECTION     II. 

0/  Vegetable    Oils. 

Vegetable  fubflances  yield  a  very  great  quantity  and 
variety  of  oils  :  for  there  is  not  a  plant,  or  part  of  a  plant, 
that  does  not  contain  one  or  more  forts  thereof,  generally 
peculiar  to  itfelf,  and  different  from  all  others. 

By  expreffion  only,  that  is,  by  bruifing  and  fqueezing  ve- 
getable fubflances,  particularly  certain  fruits  and  feeds,  a  fort 
of  oil  is  obtained  which  has  fcarce  any  fmell  or  tafte.  Oils 
of  this  fort  are  very  mild  and  uncluous;  and,  becaufe  in  this 
refpecl:  they  refemble  animal  fat  more  than  the  reft  do,  they 
are  called  Fat  Oils, 

Thefe  Oils,  being  expofed  to  the  air  for  fome  time,  fooner 
or  latter  grow  thick,  acquire  an  acrid  tafte,  and  a  ftrong  dif- 
agreeable  fmell.  Some  of  them  congeal  with  the  fmalleft 
degree  of  cold.  This  fort  of  Oil  is  well  adapted  to  diffolve 
thofe  preparations  of  Lead  called  Litharge  and  Minium,  with 
which  they  form  a  thick  tenacious  fubftance,  that  is  ufed  for 
the  bafis  of  almoft  all  plafters.  They  alfo  diffolve  Lead  in  its 
metalline  form ;  but  not  fo  eafily  as  the  forts  of  calx  above- 
mentioned  -,  probably  becaufe  its  body  is  not  fo  much  open- 
ed, nor  its  parts  fo  divided. 

By  expreffion  alone  we  alfo  procure  from  certain  vegetable 
fubflances  another  fort  of  Oil,  which  is  thin,  limpid,  vola- 
tile, of  a  pungent  tafte,  and  retains  the  fmell  of  the  vegeta- 
ble that  yielded  it ;  on  which  account  it  is  called  an  Ejfential 
Oil.  Of  this  there  are  feveral  forts,  differing  from  one  ano- 
ther, like  the  Fat  Oils,  according  to  the  fubjeclis  from  which 
they  are  obtained. 

We  mufl  obferve,  that  it  is  very  difficult,  or  rather  in  moft 
cafes  impoflible,  to  force  from  the  greatefl  part  of  vegetables,  by 
expreffion  only,  all  the  effential  Oil  they  contain.  For  this 
purpofe  therefore  recourfe  mufl  be  had  to  fire  :  a  gentle  heat, 
not  exceeding  that  of  boiling  water*  will  extract  all  the  ef- 
fential Oils  of  vegetables ;  and  this  is  the  moft  uiual  and 
moft  convenient  way  of  procuring  them. 

The  fat  Oils  cannot  be  obtained  by  the  fame  method:  thefe 
being  much  lefs  volatile  than  the  effential  Oils,  require  a 
much  greater  degree  of  heat  to  raife  them  ;  which  neverthe- 
lefs  they  cannot  bear  without  being  much  fpoiled  and  entire- 
ly changed  in  their  nature,  as  (hall  prefently  be  fhewn.    All 

Oils, 
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Oils,  therefore,  which  rife  with  the  heat  of  boiling  water, 
and  fuch  alone,  fhould  be  called  EfTential  Oils. 

Eiiential  Oils,  in  a  longer  or  fhorter  time,  according  to 
the  nature  of  each,  lofe  the  fragrant  fmell  they  had  when 
newly  didilled,  and  acquire  another,  which  is  drong,  rancid, 
and  much  lefs  agreeable  :  they  alfo  lofe  their  tenuity,  becom- 
ing thick  and  vifcid ;  and  in  this  date  they  greatly  reiemble 
thofe  fubdances  abounding  in  Oil  which  flow  from  certain 
trees,  and  which  are  called  Balfams  or  Refins^  according  as 
they  are  lefs  or  more  confident. 

Balfams  and  Refins  are  not  foluble  in  water.  But  there 
are  other  Oily  compounds  which  likewife  run  from  trees ; 
and,  though  not  unlike  Refins,  are  however  foluble  in  wa- 
ter. Thefe  are  called  Gunis ;  and  their  property  of  difTolving 
jn  water  arifes  from  their  containing  more  water  and  more 
fait  than  Refins  have ;  or  at  lead  their  faiine  parts  are  lefs 
clogged  and  more  difengaged. 

Balfams  and  Refins  didilled  with  the  heat  of  boiling  wa- 
ter yield  great  quantities  of  a  limpid,  fubtile,  odoriferous, 
and,  in  one  word,  eiTential  Oil.  In  the  Hill  there  remains 
a  fubdance  thicker  and  more  confident  than  the  Baifam  or 
Refin  was  before  didillation.  The  fame  thing  happens  to 
eiTential  Oils  which  by  length  of  time  have  acquired  a  con- 
fidence and  are  grown  refinous.  If  they  be  redidilled,  they 
recover  their  former  tenuity,  leaving  behind  them  a  remain- 
der thicker  and  more  refinous  than  they  themfelves  were. 
This  fecond  didillation  is  called  the  Rectification  of  an  Oil. 

It  mud  be  obferved,  that  an  eiiential  Oil,  combined  with 
an  acid  drong  enough  to  difTolve  it,  immediately  becomes  as 
thick  and  refinous,  in  confequence  of  this  union,  as  if  it  had 
been  long  expofed  to  the  air :  which  proves  the  confidence 
an  Oil  acquires  by  long  keeping  to  be  owing  to  this,  that  its 
lighted  and  lefs  acid  parts  being  evaporated,  the  proportion 
of  its  acid  to  the  remainder  is  lb  increafed,  that  it  produces 
therein  the  fame  change,  as  an  additional  acid  mixed  with 
the  Oil  would  have  wrought  before  the  evaporation. 

This  alfo  fhews  us,  that  Balfams  and  Refins  are  only  ef- 
fential  Oils  combined  with  a  great  proportion  of  acid,  and 
thereby  thickened. 

If  vegetable  fubdances,  from  which  no  more  eiTential  Oil 
can  be  drawn  by  the  heat  of  boiling  wat^r,  be  expofed  to  a 
dronger  heat,  they  yield  an  additional  quantity  of  Oil  ;  but 
it  is  thicker  and  heavier  than  the  eiTential  Oil.  Theie  Oils 
'*re  black,  and  have  a  very  diiagreeabie  burnt  fmell,  which 
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hath  made  them  be  called  Fetid  or  Empyreumatic  Oils.  They 
are  moreover  very  acrid. 

It  muft  be  obferved,  that,  if  a  vegetable  fubftance  be  ex- 
pofcd  to  a  degree  of  heat  greater  than  that  of  boiling  water, 
before  the  fat  or  the  efTential  Oil  is  extracted  from  it,  an  em- 
pyreumatic Oil  only  will  then  be  obtained ;  becaufe  both  the 
fat  and  efTential  Oils,  when  expofed  to  the  force  of  fire,  are 
thereby  burnt,  rendered  acrid,  acquire  a  fmell  of  the  fire, 
and,  in  a  word,  become  truly  empyreumatic.  There  is 
ground  to  think,  that  an  empyreumatic  Oil  is  nothing  elfe 
but  an  efTential  or  fat  Oil  burnt  and  fpoiled  by  the  fire,  and 
that  no  other  Oil  befides  thefe  two  exifts  naturally  in  vege- 
tables. 

Empyreumatic  Oils,  diftilled  and  rectified  feveral  times  by 
a  gentle  heat,  acquire  by  every  diftillation  a  greater  degree  of 
tenuity,  lightnefs,  and  limpidity.  By  this  means  alfo  they 
lofe  fomething  of  their  difagreeable  odour ;  fo  that  they  gra- 
dually come  nearer  and  nearer  to  the  nature  of  efTential  Oils : 
and  if  the  rectifications  be  often  enough  repeated,  ten  or 
twelve  times  for  inftance,  they  become  perfectly  like  thofe 
Oils;  except  that  their  fmell  will  never  be  fo  agreeable,  nor 
like  that  of  the  fubftances  from  which  they  were  obtained. 

Fat  Oils  may  alfo  be  brought  by  the  fame  means  to  refem- 
ble  efTential  Oils  :  but  neither  efTential  nor  empyreumatic 
Oils  are  capable  of  acquiring  the  properties  of  fat  Oils. 

SECTION     III. 
0/  Animal    Oils. 

Distillation  procures  us  confiderable  quantities  of 
Oil  from  all  the  parts  of  animal  bodies,  and  efpecially  from 
their  fat.  This  Oil  at  firft  is  not  very  fluid,  and  is  extreme- 
ly fetid  :  but  by  many  rectifications  it  gradually  acquires  a 
great  degree  of  clearnefs  and  tenuity,  and  at  the  fame  time 
lofes  much  of  its  difagreeable  odour.  Animal  Oils,  thus 
rendered  thin  and  fluid  by  a  great  number  of  rectifications, 
have  the  reputation  of  being  an  excellent  medicine,  and  a 
fpecific  in  the  epilepfy. 


CHAP. 
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CHAP.       XII. 

Of  Fermentation  in  genera!. 

BY  Fermentation  is  meant  an  inteftine  motion,  which, 
arifing  fpontaneoufly  among  the  infenfible  parts  of  a  bo- 
dy, produces  a  new  difpofition  and  a  different  combination 
of  chofe  parts. 

To  excite  a  Fermentation  in  a  mixt  body,  it  is  neceffary, 
firft,  that  there  be  in  the  compofition  of  that  mixt  a  certain 
proportion  of  watery,  faline,  oily,  and  earthy  parts :  but  this 
proportion  is  not  yet  fufiiciently  afcertained.  Secondly,  it  is 
requifite  that  the  body  to  be  fermented  be  placed  in  a  certain 
degree  of  temperate  heat:  for  much  cold  obftrutls  fermenta- 
tion; and  too  much  heat  decompofes  bodies*  Laflly,  the 
concurrence  of  the  air  is  alfo  neceffary  to  fermentation. 

All  vegetable  and  animal  fubftances  are  fufceptible  of  .Fer- 
mentation, becaufe  all  of  them  contain  in  a  due  proportion 
the  principles  above  fpecified.  However,  many  of  them  want 
the  proper  quantity  of  water,  and  cannot  ferment  while  they 
remain  in  fuch  a  ftate  of  drynefs.  But  it  is  eafy  to  fupply 
that  defect,  and  fo  render  them  very  apt  to  ferment. 

With  refpect  to  minerals  properly  fo  called,  (that  is,  ex- 
cluding fuch  vegetable  and  animal  fubftances  as  may  have 
lain  long  buried  in  the  earth),  they  are  not  fubje£t  to  any 
Fermentation  ;  at  leafl,  that  our  fenfes  can  perceive. 

There  are  three  forts  of  Fermentation,  diilinguifhed  from 
one  another  by  their  feveral  productions.  The  firft  produces 
wines  and  fpirituous  liquors;  for  which  reafon  it  is  called  the 
Vinous  or  Spirituous  Fermentation  :  the  refult  of  the  fecond 
is  an  acid  liquor;  and  therefore  it  is  called  the  Acetous  Fer- 
mentation :  and  the  third  generates  an  alkaline  fait ;  which, 
however,  differs  from  the  alkaline  falts  hitherto  treated  of, 
in  this  refpe£fc  chiefly,  that,  inftead  of  being  fixed,  it  is  ex- 
tremely volatile  :  this  laft  fort  takes  the  name  of  the  Putrid 
or  -PuttefaEiive  Fermentation.  We  mall  now  confider  thefe. 
three  forts  of  Fermentation  and  their  effects  a  little  more  par- 
ticularly. 

Thefe  three  forts  of  Fermentation  may  take  place  fuccef- 
lively  in  the  fame  fubjedl;  which  proves  them  to  be  only 
three  different  degrees  of  fermentation,  all  proceeding  from, 
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one  ant!  the  fame  caufe,  rather  than  three  diflinct  fermenta- 
tions. Thefe  degrees  of  fermentation  always  follow  the  or- 
der in  which  we  have  here  placed  them. 


C    H    A    P.       XIII. 

Of  the  Spirituous   Fermentation. 

TH  E  juices  of  almoft  all  fruits,  all  fapcharine  vegetable 
matters,  all  farinaceous  feeds  and  grains  of  every  kind$ 
being  diluted  with  a  fufficient  quantity  of  water,  are  proper 
fubjects  of  Spirituous  Fermentation.  If  fuch  liquors  be  ex- 
pofed,  in  veftels  flightly  {lopped,  to  a  moderate  degree  of 
heat,  they  begin  in  fome  time  to  grow  turbid;  there  arifes 
infenfibly  a  fmall  commotion  among  their  parts,  attended 
with  a  hiding  noife;  this  by  little  and  little  increases,  till  the 
grolTer  parts  appear,  like  little  feeds  or  grains,  moving  to  and 
fro,  agitated  among  themfelves,  and  thrown  up  to  the  fur- 
face.  At  the  fame  time  fome  air  bubbles  rife,  and  the  li- 
quor acquires  3  pungent,  penetrating  fmell,  occafioned  by 
the  very  fubtile  vapours  which  exhale  from  it. 

Thefe  vapours  have  never  yet  been  collected,  in  order  to 
examine  their  nature;  and  they  are  known  only  by  their  no- 
xious effects.  They  are  fo  actively  pernicious,  that  if  a  man 
comes  rafhly  into  a  clofe  place,  where  large  quantities  of  li- 
quors are  fermenting,  he  fuddenly  drops  down  and  expires, 
as  if  he  were  knocked  on  the  heao!. 

When  thefe  feveral  phenomena,  begin  to  go  off,  it  is  pro- 
per to  (lop  the  fermentation,  if  a  very  fpirituous  liquor  be 
required  :  for  if  it  be  fuffered  to  continue  longer,  the  liquor 
■will  become  acid,  and  from  thence  proceed  to  its  laft  ftage, 
that  is,  to  putrefaction.  Tm?  is  done  by  flopping  the  con- 
taining yeffeis  very  clofe,  and  removing  them  into  a  cooler 
place.  Then  the  impurities  precipitate,  and  fettling  at  the 
bottom  leave  the  liquor  clear  and  tranfparent :  and  now  the 
palate  difcovers  that  the  fweet  faccharine  tafte  it  had  before 
fermentation  is  changed  to  an  agreeable  pungency,  which  is 
not  acid. 

Liquors  thus  fermented  are  in  general  called  Wines  :  for 
though  in  common  life  that  word  properly  fignifies  the  fer- 
mented juice  of  grapes  only,  and  particular  names  are  given 
to  the  fermented  juices  of  other  vegetable  fubltances  ;  as  that 
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obtained  from  Apples  is  called  Cyder ;  that  made  from  malt. 
is  called  Beer  :  yet  in  Chymiftry  it  is  of  ufe  to  have  one  ge- 
neral term  denoting  every  liquor  that  has  undergone  this  firft 
degree  of  fermentation. 

By  diftillation  we  draw  from  Wine  an  inflammable  liquor, 
of  a  yellowiib  white  colour,  light,  and  of  a  penetrating, 
pleafant  fmell.  This  liquor  is  the  truly  fpirituous  part  of  the 
wine,  and  the  product  of  fermentation.  That  which  comes 
off  in  the  firft  diftillation  is  commonly  loaded  with  much 
phlegm  and  fome  oily  parts,  from  which  it  may  be  afterwards 
freed.  In  this  ftate  it  goes  by  the  name  of  Brandy ;  but 
when  freed  from  thefe  heterogeneous  matters  by  repeated 
di-ftiilations,  it  becomes  full  clearer,  lighter,  more  fragrant, 
and  much  more  inflammable,  and  then  is  called  Spirit  cf 
IVine,  and  Rectified  Spirit  of  Wine,  or  an  Ardent  Spirit,  i£ 
conliderably  purified.  The  properties  which  diltinguiih  an 
Ardent  Spirit  from  all  other  fubftances  are  its  being  inflam- 
mable ;  its  burning  and  confuming  entirely,  without  the  lead 
appearance  of  fmoke  or  fuliginofity  \  its  containing  no  parti- 
cles reducible  to  a  coal ;  and  its  being  perfectly  mifcibJe 
with  water.  Ardent  Spirits  are  lighter  and  more  volatile 
than  any  of  the  principles  of  the  mixts  from  which  they  were 
produced,  and  confequently  more  fo  than  the  phlegm,  the 
acid,  and  the  oil  of  which  they  themfelves  confift.  This 
arifes  from  a  particular  difpofition  of  thefe  principles,  which 
are  in  a  lingular  manner  attenuated  by  fermentation,  and 
thereby  rendered  more  fufceptible  of  expanfion  and  rarefac- 
tion. 

Ardent  fpirits  are  fuppofed  to  be  the  natural  folvents  of 
oils  and  oily  matters.  But  it  is  very  remarkable  that  they 
diflblve  eflential  oils  only,  without  touching  the  fat  of  ani- 
mals, or  the  fat  oils  obtained  from  vegetables  by  expreffion  •„ 
yet  when  thefe  oils  have  once  undergone  the  action  of  fire, 
they  become  foluble  in  fpirit  of  wine,  and  even  acquire  a 
new  degree  of  folubility  every  time  they  are  diftilled.  It  is 
not  fo  with  efiential.  oils,  which  can  never  be  rendered  more 
foluble  in  ardent  fpirits  than  they  are  at  firft;  and  are  fo  far 
from  acquiring  a  new  degree  of  folubility  every  time  they 
are  diftilled,  tnat  on  the  contrary  they  even  in  fome  meafure 
Jofe  that  property  by  repeated  rectifications. 

I  have  taken  fome  pains  to  find  out  the  caufes  of  thefe  lin- 
gular effects,  and  the  refult  of  my  inquiries  is  publifhed 
among  the  Memoirs  of  the  Academy  of  Sciences  for  the 
year  1745.  I  therein  conuder  ardent  fpirits  as  confifting  of 
an  oil,  or  at  leaft  a  phlogiftcn,  mixed  with  a  portion  of  wa- 
ter, 
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ter,  in  which  it  is  rendered  foluble  by  means  of  an  acid. 
This  being  laid  down,  I  fhew  that  the  inability  of  fpirit  of 
wine  to  difTolve  fome  oils  muft  be  imputed  to  its  aqueous 
part,  in  which  oils  are  not  naturally  foluble  without  the  inter- 
vention of  a  fait:  and  that  the  power  which  this  fpirit  exerts 
in  diffolving  other  oils  with  eafe,  fuch  as  eiTential  oils,  muft 
in  all  probability  be  owing  to  this,  that  in  thefe  oils  it  meets 
with  the  necelTary  faline  medium,  that  is,  with  an  acid, 
which  numberJefs  experiments  fhew  they  actually  contain. 

On  the  other  hand,  I  there  prove,  that  the  acid  in  effential 
oils  is  fuperabundant,  and  in  fome  fort  foreign  to  their  na- 
ture, or  that  it  is  but  flightly  connected  with  them,  and  in 
part  deferts  them  every  time  they  are  diftilled ;  which  ren- 
ders them  lefs  foluble  after  every  new  rectification  :  whereas, 
on  the  contrary,  the  fat  exprefled  oils  in  their  natural  ftate 
give  not  the  lead  fign  of  acidity,  but  the  action  of  fire  upon 
them  difcovers  an  acid  which  was  not  perceivable  before. 
Hence  I  conjecture,  that  thefe  oils  contain  no  more  acid  than 
is  juft  neceffary  to  conftitute  them  oils ;  that  this  acid  is  in- 
timately blended  with  their  other  component  parts  ;  that  it  is 
fo  fheathed  and  entangled  by  thefe  parts  as  to  be  incapable 
©f  exerting  any  of  its  properties;  and  that  on  this  account 
thefe  oils  in  their  natural  ftate  are  not  foluble  in  fpirit  of 
wine  :  but  that  the  drfpofition  of  their  parts  being  gradually 
changed  by  the  fire,  and  their  acid,  being  by  that  means  fet 
more  and  more  at  liberty,  at  length  recovers  its  properties, 
and  particularly  that  of  rendering  the  oily  parts  foluble  in  an 
aqueous  menftruum :  and  hence  it  follows,  that  the  fat  oils 
become  fo  much  the  more  foluble  in  fpirit  of  wine  the  often- 
er  they  are  expofed  to  the  action  of  fire. 

Spirit  of  wine  doth  not  diffolve  fixed  alkalis ;  or  at  leaft  it 
takes  up  but  a  very  fmall  quantity  thereof;  and  hence  ardent 
fpirits  may  be  freed  from  much  of  their  phlegm  by  means  of 
thefe  falts  thoroughly  dried :  for  as  they  ftrongly  imbibe  moif- 
ture,  and  have  even  a  greater  affinity  than  ardent  fpirits  with 
water,  if  a  fixed  alkali,  well  exficcated,  be  mixed  with  fpi- 
rit of  wine  that  is  not  perfectly  dephlegmated,  the  alkali  im- 
mediately attracts  its  fuperfmous  moifture,  and  is  thereby  re- 
folved  into  a  liquor,  which,  on  account  of  its  gravity,  de^ 
fcends  to  the  bottom  of  the  vefTel.  The  fpirit  of  wine, 
which  fwims  at  top,  is  by  this  means  as  much  dephlegmated, 
and  as  dry,  as  if  it  had  been  rectified  by  feveral  diftillations. 
As  it  takes  up  fome  alkaline  particles  in  this  operation,  it  is 
thereby  qualified  to  diflblve  oily  matters  with  the  greater  fa- 

cii. 
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cility.  When  rectified  in  this  manner,  it  is  called  Alcoho- 
lized Spirit  of  Wine. 

Yet  fpirit  of  wine,  even  when  rectified  to  an  alcohol,  is 
not  capable  of  diffolving  all  oily  matters.  Thofe  named  Gums 
will  by  no  means  enter  into  any  fort  of  union  therewith  ;  but 
it  readily  difiblves  moft  of  thofe  which  are  known  by  the  ap- 
pellation of  Refins.  When  it  has  diffolved  a  certain  propor- 
tion of  refinous  particles  it  acquires  a  greater  con fiftence,  and 
forms  what  is  called  a  Spirit  Varnifh,  or  a  Drying  VarniJJjy 
becaufe  it  foon  dries.  This  Varnifh  is  fubjecl:  to  be  damag- 
ed by  water.  Many  forts  thereof  are  prepared,  differing 
from  each  other  according  to  the  different  refins  employed, 
or  the  proportions  in  which  they  are  ufed.  Moft  of  thefe 
Varnifhes  are  tranfparent  and  colourlefs. 

Such  bitumens  or  refins,  as  fpirit  of  wine  will  not  touch, 
are  diflblved  in  oils  by  means  of  fire,  and  then  form  another 
kind  of  Varnifh,  which  water  does  not  hurt.  Thefe  Var- 
nifhes are  ufually  coloured,  and  require  much  longer  time 
to  dry  than  the  Spirit  Varnifhes :  they  are  called  Oil  Var- 
nifhes.  > 

Spirit  of  wine  hath  a  much  greater  affinity  with  water 
than  with  oily  matters :  and  therefore  if  a  folution  of  any 
oil  or  refin  in  fpirit  of  wine  be  mixed  with  water,  the  liquor 
immediately  grows  turbid,  and  acquires  a  whitifh  milky  co- 
lour, owing  entirely  to  the  oily  parts  being  feparated  from 
the  fpirituous  menftruum  by  the  acceflion  of  water,  and  too 
finely  divided  to  appear  in  their  natural  form.  But  if  the 
liquor  ftand  fome  time  quiet,  feveral  of  thefe  particles  unite 
together,  and  gradually  acquire  a  bulk  fufficient  to  render 
them  very  perceptible  to  the  eye. 

Acids  have  an  affinity  with  fpirit  of  wine,  and  may  be 
combined  with  it.  By  this  union  they  lofe  moft  of  their  aci- 
dity, and  on  that  account  are  faid  to  be  Dulcified.  But  as 
thefe  combinations  of  acids,  efpecially  of  the  vitriolic  acid, 
with  fpirit  of  wine  furnifh  fome  new  productions  of  very 
fingular  properties,  and  as  an  examination  thereof  may  throw 
much  light  on  the  nature  of  ardent  fpirits,  it  will  not  be  a- 
mifs  to  take  notice  of  them  in  this  placey  and  confider  each 
of  them  particularly. 

One  part  of  highly  concentrated  oil  of  vitriol  being  mixed 
with  four  parts  of  well  dephlegmated  fpirit  of  wine,  there 
arifes  immediately  a  confiderable  ebullition  and  efTervefcence, 
attended  with  great  heat,  and  abundance  of  vapours,  which 
fmell  pleafantly,  but  are  hurtful  to  the  lungs.  At  the  fame 
time  is  heard  a  hiffing  like  that  produced  by  a  piece  of  red- 
hot 
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hot  iron  plunged  into  Water.  Indeed  it  is  proper  to  mix  the 
liquors  very  gradually;  for  otherwife  the  vellels  iti  which 
the  operation  is  performed  will  be  in  great  danger  of  break- 
ing. 

If  the  two  liquors  thus  mixed  be  diftilled  with  a  very  gen- 
tle heat,  there  rifes  firft  a  fpirit  of  wine  of  a  moll:  penetrat- 
ing and  grateful  odour:  when  about  half  thereof  is  come 
over,  what  follows  has  a  quicker  and  more  fulphureousfmcll, 
-and  is  alio  more  laaded  with  phlegm.  When  the  liquor  be- 
gins to  boil  a  little,  there  comes  off  a  phlegm  which  fmells 
very  Jlrong  of  fulphur,  and  grows  gradually  more  acid.  On 
this  phlegm  floats  a  fmall  quantity  of  a  very  light  and  very 
limpid  oil.  In  the  dill  there  remains  a  thick  blackiih  fub- 
ftance,  fomewhat  like  a  refm  or  bitumen.  From  this  fub- 
ftance  may  be  feparated  a  good  deal  of  a  vitriolic  but  fill- 
phureous  acid.  When  that  is  extracted,  there  remains  a 
black  mafs  like  a  charred  coal,  which  being  put  into  a  cru- 
cible, and  expofed  to  a  violent  heat,  leaves  a  fmall  portion 
of  earth,  very  fixed,  and  even  verifiable. 

By  rectifying  the  ardent  fpirit,  which  came  over  in  diflil- 
ling  the  above-mentioned  mixture,  a  very  fmgular  liquor  is 
obtained,  which  differs  effentially  both  from  oils  and  from 
ardent  ipirits,  though  in  certain  refpects  it  refembles  them 
both.  This  liquor  is  known  in  Chymiftry  by  the  name  of 
JEtber,  and  its  chief  properties  are  as  follow. 

^Ether  is  lighter,  more  volatile,  and  more  inflammable, 
than  the  mod  highly  rectified  fpirit  of  wine.  It  quick] y 
flies  off  when  expofed  to  the  air,  and  fuddenly  catches  fire 
when  any  flame  approaches  it.  It  burns  like  fpirit  of  wine 
without  the  leaft  fmoke,  and  confumes  entirely  without  leav- 
ing the  fmalleii  appearance  of  a  coal  or  of  allies.  It  diiTolvcs 
oils  and  oily  matters  with  great  eafe  and  rapidity.  Thefe 
properties  it  has  in  common  with  an  ardent  fpirit.  But  it 
refembles  an  oil  in  that  it  is  not  mifcible  with  water,  and 
this  makes  it  effentially  different  from  fpirit  of  wine,  the 
nature  of  which  is  to  be  mifcible  with  all  aqueous  liquors. 

Another  very  Angular  property  of  ^Ether.is  its  great  affi- 
nity with  gold,  exceeding  even  that  of  aqua  regis.  It  does 
not  indeed  diffolve  gold  when  in  a  mafs,  and  in  its  metalline 
form;  but  if  a  fmall  quantity  of  -ZEcher  be  added  to  a  folu- 
tion  of  gold  in  aqua  regis,  and  the  whole  ihaken  together, 
the  gold  feparates  from  the  aqua  regis,  joins  the  ^Ether,  and 
remains  diffolved  therein. 

The  reafon  of  ail  the  phenomena  above-mentioned,  re- 
-iuking  from  the  mixture  of  fpirit  of  wine  with  oil  of  vitriol, 
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is  founded  on  the  great  affinity  between  this  acid  and  wa- 
ter. For  if  the  vitriolic  acid  be  weak,  and  as  it  were  over- 
dofed  with  watery  parts,  neither  oil  nor  JEther  can  be  ob- 
tained by  means  thereof:  but  when  highly  concentrated,  it 
attracts  the  aqueous  parts  very  powerfully  •,  and  therefore,  be- 
ing mixed  with  fpirit  of  wine,  lays  hold  of  moft  of  the  wa- 
ter contained  in  it,  and  even  robs  it  of  fome  portion  of  that 
which  is  effential  to  its  nature,  and  neceflary  to  conftitute  it 
fpirit  of  wine:  whence  it  comes  to  pafs,  that  a  certain  quan- 
tity of  the  oily  particles  in  its  compofition  being  feparated 
from  the  watery  particles,  and  fo  brought  nearer  to  each 
other,  they  unite  and  affume  their  natural  form  ;  and  thus 
the  oil  that  fwims  at  top  of  the  fulphureous  phlegm  is  pro- 
duced. 

The  vitriolic  acid  moreover  thickens  and  even  burns  fome 
of  this  oil  j  and  hence  comes  the  bituminous  refiduum  left 
at  the  bottom  of  the  ftiil,  which  looks  like  the  remit  of  a 
vitriolic  acid  combined  with  common  oil.  LaftJy,  the  vi- 
triolic acid  becomes  fulphureous,  as  it  always  doth  when 
united  with  oily  matters,  and  alfo  very  aqueous,  on  account 
of  the  quantity  of  phlegm  which  it  attracts  from  the  fpirit 
of  wine. 

JEther  may  be  confidered  as  a  fpirit  of  wine  exceedingly 
dephlegmated,  even  to  fuch  a  degree  that  its  nature  is  there- 
by changed  •,  fo  that  the  few  aqueous  particles  left  in  it  are 
not  fufficient  to  diflblve  the  oily  particles  and  keep  them  a- 
funder;  which  therefore  being  now  much  nearer  to  one  ano- 
ther than  in  common  fpirit  of  wine,  the  liquor  hath  loft  its 
property  of  being  mifcible  with  water.  „ 

Spirit  of  nitre  well  dephlegmated,  and  combined  with 
fpirit  of"  wine,  prefents  likewife  fome  very  fingular  appear- 
ances. 

Firft,  in  the  very  inflant  of  its  mixture  with  fpirit  of  wine, 
it  produces  a  greater  and  more  violent  effervefcence  than  the 
vitriolic  acid  occafions. 

Secondly,  this  mixture,  without  the  help  of  diftillation, 
and  only  by  flopping  the  bottle  in  which  the  liquors  are  con- 
tained, affords  a  fort  of  iEther,  produced  probably  by  the 
vapours  which  afcend  from,  and  fwim  at  top  of  the  mixture. 
This  is  a  very  fingular  liquor.  Dr.  Navier  was  the  firft  that 
took  notice  of  it,  and  gave  a  defcription  thereof,  which  may 
be  feen  in  the  Memoirs  of  the  Academy  of  Sciences. 

Thirdly,  fome  authors  pretend  that,  by  diftilling  the  mix- 
ture under  confideration,  an  oil  is  obtained  greatly  refem- 
bling  that  which,  as  we  obferved  above,  rifes  from  fpirit  of 
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wine  combined  with  the  vitriolic  acid:  others  again  deny 
this.  For  my  part,  I  believe  the  thing  depends  'on  the  dif- 
ferent concentration  of  the  fpirit  of  nitre,  as  well  as  on  the 
quality  of  the  fpirit  of  wine,  which  is  fometimes  more  fome- 
times  lefs  oily. 

Fourthly,  the  two  liquors  we  are  fpeaking  of,  being  inti- 
mately mixed  by  diilillation,  form  a  liquor  llightly  acid,  ufed 
in  medicine,  and  known  by  the  name  of  Sweet  or  Dulcified 
Spirit  of  Nitre:  a  very  proper  name,  feeing  the  nitrous 
acid,  by  uniting  with  the  fpirit  of  wine,  actually  lofes  almoft 
all  its  acidity  and  corrofive  quality. 

Fifthly  and  laflly,  when  the  diilillation  is  finifhed,  there 
remains  in  the  bottom  of  the  veflel  a  thick  blackifh  fubilance, 
nearly  refembling  that  which  is  found  after  dirtilling  oil  of 
vitriol  and  fpirit  of  wine. 

Spirit  of  fait  hath  likewife  been  combined  with  fpirit  of 
wine;  but  it  does  not  unite  therewith  foeafily  or  fo  intimate- 
ly as  the  two  acids  above-mentioned.  To  mix  them  tho- 
roughly, the  fpirit  of  fait  muffc  be  highly  concentrated,  and 
fmoking,  and  moreover  the  affiilance  of  the  ftill  muft  be 
called  in.  Some  authors  pretend  that  from  this  mixture  alfo 
a  fmall  quantity  of  oil  may  be  obtained  ;  which  probably 
happens  when  the  liquors  have  the  qualities  above-fpecified. 
The  marine  acid  likewife,  by  uniting  with  fpirit  of  wine, 
lofes  moil  of  its  acidity;  on  which  account  it  is  in  like  man- 
ner called  Sweet  or  Dulcified  Spirit  of  Salt.  A  thick  refi- 
duum  is  alfo  found  here  after  diilillation. 


CHAP.       XIV. 

Of  the  Acetous  Fermentation. 

E SIDES  an  ardent  fpirit,  wine  affords  a  great  deal  of 
water,  oil,  earth,  and  a  fort  of  acid  which  (hall  be 
confidered  prefently.  When  the  Ipirituous  part  is  feparated 
from  thele  other  matters,  they  undergo  no  further  change. 
13ut  if  ail  the  conflituent  parts  of  wine  remain  combined  to- 
gether, then,  after  fome  time,  fhorter  or  longer  as  the  de- 
gree of  heat  in  which  the  wine  (lands  is  greater  or  lefs,  the 
fermentation  begins  afrefh,  or  rather  arrives  at  its  fecond 
flage.  The  liquor  once  more  grows  turbid,  a  new  inteiline 
motion  ariies,  and,  after  fome  days,  it  is  found  changed  into 

an 
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an  acid;  which,  however,  is  very  different  from  thofe  hi- 
therto treated  of.  The  liquor  then  takes  the  name  of  Vine- 
gar. The  acetous  fermentation  differs  from  the  fpirituous, 
not  only  in  its  effect,  but  alfo  in  feveral  of  its  concomitant 
circumftances^  Moderate  motion  is  of  fervice  to  this,  where- 
as it  obftructs  the  fpirituous ;  and  it  is  attended  with  much 
more  warmth  than  the  fpirituous.  The  vapours  it  produces 
are  not  noxious,  like  thofe  of  fermenting  wine.  Laftly, 
Vinegar  depoiites  no  tartar,  even  when  the  wine  employed  in 
this  operation  is  quite  new,  and  hath  not  had  time  to  dif- 
charge  its  tartar :  infiead  of  tartar,  Vinegar  depoiites  a  vif- 
cid  matter  which  is  very  apt  to  putrify. 

It  muft  be  obferved,  that  wine  is  not  the  only  fubftancethat 
is  fufceptible  of  the  acetous  fermentation  :  for  feveral  vegeta- 
ble and  even  animal  matters,  which  are  not  fubjeel:  to  the 
fpirituous  fermentation,  turn  four  before  they  putrify.  But 
as  vinous  liquors  poffefs  in  a  very  eminent  degree  the  pro- 
perty of  being  fufceptible  of  the  acetous  fermentation,  and 
likewife  of  producing  the  flrongeff.  acids  that  can  refult  from 
fuch  fermentation,  their  acid  mail  be  more  particularly  con» 
fidered  in  this  place. 

SECTION     I, 

Of    Vinegar, 

If  wine,  which  has  gone  through  this  fecond  ftage  of  fer- 
mentation, be  diflilled,  inftead  of  an  ardent  fpirit,  only  an 
acid  liquor  is  obtained,  which  is  called  Diflilled  Vinegar. 

This  acid  has  the  fame  properties  as  the  mineral  acids  of 
which  we  have  already  treated ;  that  is,  it  unites  with  alka- 
line forts,  abforbent  earths,  and  metallic  fubftances,  and 
therewith  forms  neutral  faline  combinations.. 

Its  affinity  with  thefe  fubftances  obferves  the  fame  order  as 
that  obferved  by  the  mineral  acids  with  regard  to  the  fame 
fubftances;  but  in  general  it  is  weaker;  that  is,  any  mineral 
acid  is  capable  of  expelling  the  acid  of  Vinegar  out  of  all 
matters  with  which  it  is  united. 

Vinegar  hath  likewife  a  greater  affinity  than  fulphur  with 
alkalis  :  whence  it  follows,  that  it  is  capable  of  decompound- 
ing that  combination  of  fulphur  with  an  alkali  called  Li^ 
ver  of  Sulphur,  and  of  precipitating  the  fulphur  it  contains. 

The  acid  of  Vinegar  is  always  clogged  with  a  certain  pro- 
portion of  oily  parts,  which  greatly  weaken  it,  and  deprive 
it  oi  much  of  its  activity ;  and  for  this  reafon  it  is  not  near 


02  ELEMENTS    of     the       Chap.  14. 

fc  ftrong  as  the  mineral  acids,  which  are  not  entangled  with 
any  oil.  By  diftillation,  indeed,  it  may  be  freed  from  thie 
oil,  and  at  the  fame  time  from  the  great  quantity  of  water 
which  in  a  manner  fufrbcates  it,  and  by  that  means  may  be 
brought  much  nearer  to  the  nature  of  the  mineral  acids : 
but  this  attempt  hath  not  yet  been  profecuted  with  the  affjdui- 
ty  it  deferves.  Befides  diftillation,  thire  is  another  way  of 
freeing  Vinegar  from  a  good  deal  of  its  phlegm  ;  and  that  is, 
by  expofing  it  to  a  hard  froft,  which  readily  congeals  the  wa- 
tery part  into  ice,  while  the  acid  retains  its  fluidity. 

Vinegar,  faturated  with  a  fixed  alkali,  forms  a  neutral 
oily  fait,  of  a  dark  colour,  which  is  femi-volatile,  melts  with 
a  very  genrle  heat,  flames  when  thrown  upon  burning  coals, 
and  diflblves  in  fpirit  of  wine,  of  which,  however,  it  re- 
quires fix  parts  to  complete  the  fblution.  This  folution  be- 
ing evaporated  to  drynefs  leaves  a  matter  in  the  form  of 
leaves  lying  on  each  other;  on  which  account  it  hath  obtain- 
ed the  name  of  Terra  Foliata.  The  fame  foliated  matter 
will  be  obtained,  though  the  fait  be  not  previoufly  diflblved 
in  fpirit  of  wine;  but  not  fo  readily.  This  fait  is  alfo  cal- 
led Regenerated  Tartar.  Under  the  head  of  Tartar  we 
fhall  fee  the  reafon  of  thefe  different  appellations.  Regene- 
rated Tartar  is  alfo  in  fome  degree  capable  of  cryflallizing : 
for  this  purpofe  a  folution  thereof  in  water  muft  be  flowly 
evaporated  to  the  cpnfiftence  of  a  fyrup,  and  then  fuffered 
to  ftand  quiet  in  a  cool  place;  by  which  means  it  will  fhoot 
into  duffers  of  cryftals,  lying  one  upon  another,  not  unlike 
the  feathers  on  a  quill. 

With  Vinegar  and  feveral  abforbent  earths,  fuch  as  calcin- 
ed pearls,  coral,  fhells  of  fifh,  <bc.  are  alfo  formed  neutral 
faline  compounds,  each  of  which  takes  the  name  of  the  par- 
ticular earth  employed  in  its  compofition. 

Vinegar  perfectly  diflblves  Lead,  and  converts  it  to  a  neu- 
tral metallic  fait,  which  fhopts  into  cryftals,  and  has  a  fweet 
faccharine  tafte.  This  compound  is  called  Sugar  of  heady 
or  Sal  Saturni. 

If  Lead  be  exppfed  to  the  bare  vapour  of  Vinegar,  it  will 
be  thereby  corroded,  calcined,  and  converted  into  a  white 
•matter  much  ufed  in  painting,  and  known  by  the  name  of 
Cerufe ;  or,  when  it  is  finer  than  ordinary.  White  Lead. 

Vinegar  corrodes  Copper  likewife,  and  converts  it  into  a 
beautiful  green  ruft,  which  alfo  is  ufed  in  paintings  and  di- 
ftinguifhed  by  the  name  of  Verdegris.  However,  Vinegar 
is  not  commonly  employed  to  make  Verdegris  ;  for  this  pur- 
pofe 
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pofe  they  ufe  wine,  or  the  rape  of  wine,  from  which  fire  ex- 
tricates an  acid  analogous  to  that  of  Vinegar. 

In  treating  of  the  feveral  fubftances  which  conflitute  wine, 
we  mentioned  an  acid  matter,  but  did  not  then  enter  into  a 
particular  examination  thereof;  becaufe  as  that  matter  great- 
ly refembles  the  acid  of  Vinegar,  we  thought  it  more  proper 
to  defer  the  confederation  of  its  properties  till  we  ha4  treated 
pf  the  acetous  fermentation,  and  its  eiTccls. 

SECTION    II. 

Of  Tartar. 

This  fubftance  is  a  faline  compound,  confiding  of  earth)', 
oilyr  and  efpecially  acid  parts.  It  is  found  in  the  form  of 
emits,  adhering  to  the  inner  fides  of  veffels  in  which  wines 
have  flood  for  fome  time,  particularly  acid  wines,  fuch  as 
thofe  of  Germany. 

Tartar  derives  its  origin  from  the  fuperabundant  quantity 
of  acid  contained  in  the  juice  of  the  grape.  This  fyperfiuous 
aeid,  being  more  than  is  requisite  to  conflitute  the  ardent 
fpirit,  unites  with  fome  of  the  oil  and  earth  contained  in  the 
fermented  liquor,  and  forms  a  kind  of  fait ;  which  for  fome 
time  continues  fufpended  in  that  liquor,  but,  when  the  wine 
ftands  undifturbed  in  a  cool  place,  is  depofited,  as  hath  beea 
faid,  on  the  fides  of  the  calk. 

Tartar  in  this  ftate  contains  many  earthy  parts,  which  are 
fuperfluous,  and  foreign  to  its  nature.  From  thefe  it  may  be 
freed  by  boiling  it  repeatedly  with  a  fort  of  earth  found  in  the 
neighbourhood  of  Montpelier,  as  may  be  feen  in  the  Me- 
moirs of  the  Academy  of  Sciences. 

When  it  is  purified,  there  appears  on  the  furface  of  the 
liquor  a  fort  of  white,  cryftalhne  pellicle,  which  is  fkimmed 
off  as  it  forms.  This  matter  is  called  Cream  of  Tartar.  The 
fame  liquor  which  produces  this  Cream,  and  in  which  the 
purified  Tartar  is  diiTolved,  being  fet  to  cool,  yields  a  great 
number  of  white  femi-tranfparent  cryftals,  which  are  called 
Cryjlals  of  Tartar.  The  Cream  and  the  Cryftals  of  Tartar 
are  therefore  no  other  than  purified  Tartar,  and  differ  from 
each  other  in  their  form  only. 

Though  the  Cryftals  of  Tartar  have  every  appearance  of  a 
neutral  fait,  yet  they  are  far  from  being  fuch  ;  for  they  have 
all  the  properties  of  a  true  acid,  which  fcarce  differs  from  that 
of  vinegar,  except  that  it  contains  lefs  water,  and  more  earth 
and  oil  j  to  which  it  owes  its  folic!  form,  as  well  as  its  pro- 
perty 
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perty  of  not  being  foluble  in  water  without  much  difficulty : 
for  a  very  great  quantity  of  water  is  requisite  to  keep  the 
Cryftals  of  Tartar  in  foiution;  and  it  muft  moreover  be  boil- 
ing hot ;  otherwife  as  foon  as  it  cools  moft  of  the  Tartar  dif- 
folved  in  it  feparates  from  the  liquor,  and  falls  to  the  bottom 
in  the  form  of  a  white  powder. 

Tartar  is  decompofed  by  calcination  in  the  open  fire.  All 
its  oily  parts  are  confumed  or  diftipated  in  fmoke,  together 
with  moft  of  its  acid.  The  other  part  of  its  acid,  uniting 
intimately  with  its  earth,  forms  a  very  ftrong  and  very  pure 
fixed  alkali,  called  Salt  of  Tartar. 

It  will  be  ihewn  in  its  proper  place,  that  almoft  every  ve- 
getable matter,  as  well  as  Tartar,  leaves  a  fixed  alkali  in  its 
afhes :  yet  Tartar  has  thefe  peculiar  properties ;  firft,  it  af- 
fumes  an  alkaline  character  even  when  burnt  or  calcined  in 
clofe  vefTels,  whereas  other  fubftances  acquire  it  only  by  be- 
ing burnt  in  the  open  air;  fecondly,  the  alkali  of  Tartar  is 
ftronger  and  more  faline  than  almoft  any  that  is  obtained 
from  other  matters. 

This  alkali,  when  thoroughly  calcined,  powerfully  attracts 
the  moifture  of  the  air,  and  melts  into  an  unctuous  alkaline 
liquor,  improperly  called  Oil  of  Tartar  per  deliquium.  This 
is  the  alkali  generally  ufed  in  making  the  Terra  Foliata, 
mentioned  under  the  head  of  Vinegar-,  for  which  reafon  this 
combination  is  called  Terra  Foliata  Tartar i;  a  name  fuita- 
ble  enough.  But  the  fame  cannot  be  faid  of  the  other  name, 
Regenerated  Tartar,  which  is  alfo  given  it.  It  is  true,  that 
on  this  occafion  an  oily  acid  is  reftored  to  the  earth  of  the 
Tartar,  analagous  to  that  of  which  the  fire  had  deprived  it : 
but  the  compound  thence  refulting  is  a  neutral  fait  which  ve- 
ry readily  difTolves  in  water;  whereas  Tartar  is  manifeftly 
acid,  and  not  foluble,  or  at  leaft  hardly  foluble,  in  water. 

Cryftals  of  Tartar  combined  with  alkali  of  Tartar  produce 
a  great  effervefcence  while  they  are  mixing,  as  all  acids  ufu- 
ally  do ;  and  if  the  combination  be  brought  exactly  up  to  the 
point  of  faturation,  a  perfectly  neutral  fait  is  formed,  which 
ihoots  into  cryftals,  and  eafily  difTolves  in  water;  and  this 
hath  procured  it  the  name  of  Soluble  Tartar.  It  is  alfo  cal- 
led the  Vegetable  Salt,  as  being  obtained  from  vegetables 
only;  and  again,  Tartarifed  Tartar,  becaufe  it  confifts  of 
the  acid  and  the  alkali  of  Tartar  combined  together. 

Cryftals  of  Tartar  combined  with  alkalis  procured  from 
the  allies  of  maritime  plants,  fuch  as  Soda,  which  alkalis  re- 
femble  the  bafis  of  fea-falt,  form  likev/ife  a  neutral  fait, 
which  cryftallizes  well,  and  difTolves  eafily  in  water.     This 

fait 
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falt  is  another  fort  of  foluble  Tartar.    It  is  called  Saignette's 
Salt,  from  the  inventor's  name. 

Both  the  Vegetable  Salt  and  Saignette's  Salt  are  gently 
purgative  foaps,  and  much  ufed  in  Medicine. 

Tartar  likewife  difiblves  the  abforbent  earths,  as  lime, 
chalk,  &c.  and  with  them  forms  neutral  falts  which  are  fo- 
luble in  water  *.  It  even  attacks  metallic  bodies,  and  when 
combined  with  them  becomes  foluble.  A  foluble  Tartar  for 
medical  ufe  is  prepared  with  Cryftals  of  Tartar  and  Iron : 
the  metallic  fait  thereby  produced  hath  the  name  of  Chalybe- 
ated  Soluble  Tartar.  This  fait  attracts  the  moifture  of  the 
air,  and  is  one  of  thofe  which  do  not  cryftallize. 

Cryflallized  Tartar  acts  alfo  upon  feveral  other  metallic 
fubftances :  for  inftance,  it  difiblves  the  Regulus,  Liver,  and 
Glafs  of  Antimony,  and  thence  acquires  an  emetic  quality: 
it  is  then  called  Stibiated  or  Emetic  Tartar.  It  likewife  dif- 
folves  Lead,  and  therewith  forms  a  fait  which,  in  the  figure 
of  its  cryftals,  refembles  Tartarifed  Tartar. 

It  is  very  eatraordinary  that  Tartar,  which  of  itfelf  is  not 
foluble  in  water,  mould  be  foluble  therein  when  become  a 
neutral  fait  by  uniting  either  with  alkalis  or  with  abforbent 
earths,  or  even  with  metals.  With  refpect  to  alkalis,  indeed, 
it  may  be  urged,  that,  having  themfelves  a  great  affinity  with 
water,  they  communicate  to  Tartar  fome  of  that  facility  with 
which  they  naturally  unite  therewith  :  but  the  fame  cannot 
be  alledged  concerning  abforbent  earths,  and  metallic  fub- 
ftances, which  water  difiblves  not  at  all,  or  at  leaft  with  great 
difficulty,  and  in  fmall  quantity.  This  effecT:,  therefore, 
muft  be  attributed  wholly  to  fome  change  in  the  difpofition 
of  its  parts  which  is  to  us  unknown. 

All  the  Soluble  Tartars  are  eafily  decompounded  by  expo- 
fing  them  to  a  certain  degree  of  heat.  In  diltillation  they 
yield  the  fame  principles  which  are  obtained  from  Tartar; 
and  what  remains  fixed  in  the  fire,  after  they  are  thoroughly 
burnt,  is  a  compound  of  the  alkali  which  Tartar  naturally 
produces,  and  of  the  alkaline  or  metallic  fubftance  with  which 
it  was  converted  into  a  neutral  fait. 

As  Cryftal  of  Tartar  is  the  weakeft  of  all  acids,  on  account 
of  the  oily  and  earthy  matters  with  which  it  is  combined, 
Soluble  Tartars  are  decompounded  by  all  the  acids ;  by  any 
of  which  cryftal  of  Tartar  maybe  feparated  from  the  fubftance 
that  ferves  it  for  a  bafis  and  renders  it  a  neutral  fait. 

*  See  "Mr.  Duhamel's  Eflays  ori  this  fuhject  in  the  Memoirs  of  the  Aca- 
demy of  Sciences. 

The 
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The  other  acids  which  are  procured  from  vegetables,  and 
even  thofe  which  are  obtainable  from  fome  animal  fubftances, 
may  all  be  referred  to  and  compared  with  either  Vinegar  or 
Tartar,  according  to  the  quantities  of  oil  or  earth  with  which 
they  are  combined. 

After  all,  thefe  acids  have  not  yet  been  thoroughly  exa- 
mined. There  is  great  reafon  to  think  that  they  are  no  other 
than  the  mineral  acids,  which,  in  palling  through  the  bodies 
of  vegetables,  and  even  of  animals,  undergo  a  confiderable 
change,  efpecially  by  contracting  an  union  with  oily  matters. 
For,  as  we  laid  before  in  treating  of  Vinegar,  by  freeing 
them  from  their  oil  they  are  brought  very  near  to  the  nature 
of  mineral  acids ;  and  fo  likewife  the  mineral  acids  acquire 
many  of  the  properties  of  vegetable  acids  by  being  combined 
with  oils. 


Of 


CHAP.      XV. 

/^Putrid  Fermentation,  orFaT refaction. 


EVERY  body  which  hath  gone  through  the  two  ftages 
of  fermentation  above  defcribed,  that  is,  the  fpirituous 
and  the  acetous  fermentation,  being  left  to  itfelf  in  a  due 
degree  of  warmth,  which  varies  according  to  the  fubjecl:, 
advances  to  the  laft  ftage  of  fermentation;  that  is,  to  putre- 
faction. 

It  is  proper  to  obferve,  before  we  go  any  further,  that  the 
converfe  of  this  proportion  is  not  true ;  that  is,  it  is  not  ne- 
ceflary  that  a  body  mould  fucceffively  pafs  through  the  fpiri- 
tuous and  the  acetous  fermentation,  before  it  can  arrive  at 
the  putrid ;  but  that,  as  certain  fubftances  fall  into  the  ace- 
tous without  having  gone  through  the  fpirituous  fermenta- 
tion, fo  others  begin  to  putrify  without  having  undergone 
either  the  fpirituous  or  the  acetous  fermentation  •,  of  which 
laft  kind  are,  for  inftance,  moil:  animal  fubftances.  When 
therefore  we  reprefented  thefe  three  forts  of  fermentation  as 
three  different  degrees  or  ftages  of  one  and  the  fame  fermen- 
tation, we  fuppofed  it  to  be  excited  in  a  body  fufceptible  of 
fermentation  in  its  full  extent. 

However,  there  is  ftill  room  to  think  that  every  fubftance 
which  is  capable  of  fermenting  always  pafTes  neceflanly 
through  thefe  three  different  ftages ;    but  that  the  fubftances 

mod 


Chap.  1 5.    THEORY   of    CHYMlSTRY.       97 

moft  difpofed  thereto  pafs  with  fuch  rapidity  through  the  firft, 
and  even  the  fecond,  that  they  arrive  at  the  third  before  our 
fenfes  can  perceive  the  leaft  figns  of  either  of  the  two  former. 
This  opinion  is  not  deftitute  of  probability :  yet  it  is  not 
fupported  by  proofs  fufficiently  ftrong  and  numerous  to  com- 
pel our  afTent. 

When  a  body  is  in  a  putrefying  flate  it  is  eafy  to  difcover 
(as  in  the  two  forts  of  fermentation  already  treated  of)  by 
the  vapours  which  rife  from  it,  by  the  opacity  which  invades 
it,  if  a  pellucid  liquor,  and  frequently  even  by  a  greater  de- 
gree of  heat  than  is  found  in  the  two  other  forts  of  fermen- 
tation, that  an  interline  motion  is  begun  among  its  con- 
ftituent  parts,  which  lafts  till  the  whole  be  entirely  putri- 
fied. 

The  effect  of  this  interline  motion  is  in  this,  as  in  the  two 
other  forts  of  fermentation,  to  break  the  union,  and  change 
the  difpofition,  of  the  particles  conftituting  the  body  in 
which  it  is  excited,  and  to  produce  a  new  combination.  This 
is  brought  about  by  a  mechanifm  to  which  we  are  flrangers, 
and  concerning  which  nothing  beyond  conjectures  can  be  ad- 
vanced :  but  thefe  we  neglect,  refolving  to  keep  wholly  to 
facts,  as  the  only  things  in  Natural  Philofophy  that  are  poii- 
tively  certain. 

If,  then,  we  examine  a  fubflance  that  has  undergone  pu- 
trefaction, we  mail  foon  perceive  that  it  contains  a  prin- 
ciple which  did  not  exifl  in  it  before.  If  this  fubflance  be 
diililled,  there  rifes,  firfl,  by  means  of  a  very  gentle  heat,  a 
faline  matter  which  is  exceedingly  volatile,  and  affects  the 
organ  of  fmelling  brifkly  and  difagreeably.  Nor  is  the  aid 
of  diflillation  necefTary  to  difcover  the  prefence  of  this  pro- 
duel:  of  putrefaction:  it  readily  manifefls  itfelf  in  moil  lub- 
ftances  where  it  exiils,  as  any  one  may  foon  be  convinced  by 
obferving  the  different  fmell  of  frefh  and  of  putrefied  urine ; 
for  the  latter  not  only  affects  the  nofe,  but  even  makes  the 
eyes  fmart,  and  irritates  them  fo  as  to  draw  tears  from  them 
in  abundance. 

This  faline  principle  which  is  the  product;  of  putrefaction, 
when  feparated  from  the  other  principles  of  the  body  which 
affords  it,  and  collected  by  itfelf,  appears  either  in  the  form 
of  a  liquor,  or  in  that  of  a  concrete  fait,  according  to  the 
different  methods  ufed  to  obtain  it.  In  the  former  ftate  it  is 
called  a  Volatile  Urinous  Spirit ;  and  in  the  latter  a  Volatile 
Urinous  Salt,  The  qualification  of  urinous  is  given  it,  be- 
caufe,  as  was  faid,  a  great  deal  thereof  is  generated  in  pu- 
trefied urine,  to  which  it  communicates  its  fmell.     It  goes 

N  alio 
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alfo  by  the  general  name  of  a  Volatile  Alkali,  whether  in  a 
concrete  or  in  a  liquid  form.  The  enumeration  of  its  pro- 
perties will  fhew  why  it  is  called  an  alkali. 

Volatile  Alkalis,  from  whatever  fubftance  obtained,  are 
all  alike,  and  have  all  the  fame  properties ;  differing  only, 
according  to  their  degrees  of  purity.  The  Volatile  Al- 
kali, as  well  as  the  Fixed,  confifts  of  a  certain  quantity  of 
acid  combined  with  and  entangled  by  a  portion  of  the  earth 
of  the  mixt  body  from  which  it  was  obtained  \  and  on  that 
account  it  has  many  properties  like  thofe  of  a  Fixed  Alkali. 
But  there  is  moreover  in  its  compofition  a  confiderable  quan- 
tity of  a  fat  or  oily  matter,  of  which  there  is  none  in  a  Fixed 
Alkali ;  and  on  this  account  again  there  is  a  great  difference 
between  them.  Thus  the  Volatility  of  the  Alkali  produced 
by  putrefaction,  which  is  the  principal  difference  between  it 
and  the  other  kind  of  Alkali  whofe  nature  it  is  to  be  Fixed* 
muft  be  attributed  to  the  portion  of  oil  which  it  contains: 
for  there  is  a  certain  method  of  volatilizing  Fixed  Alkalis  by 
means  of  a  fatty  fubftance. 

Volatile  Alkalis  have  a  great  affinity  with  acids",  unite  there- 
with rapidly  and  with  ebullition,  arid  form  with  them  neutral 
falts,  which  moot  into  cryftals,  but  differ  from  one  another 
according  to  the  kind  of  acid  employed  in  the  combina- 
tion. 

The  neutral  falts  which  have  a  Volatile  Alkali  for  their 
bafis  are  in  general  called  Ammoniacal  Salts.  That  whofe 
acid  is  the  acid  of  fea-falt  is  called  Sal  Ammoniac.  As  this 
was  the  firft  known,  it  gave  name  to  all  the  reft.  Great 
quantities  of  this  fait  are  made  in  Egypt,  and  thence  brought 
to  us.  They  fublime  it  from  the  foot  of  cow's  dung,  which 
is  the  fuel  of  that  country,  and  contains  fea-falt,  together 
with  a  Volatile  Alkali,  or  at  leaft  the  materials  proper  for 
forming  it;  and  confequently  all  the  ingredients  that  enter 
into  the  compofition  of  Sal  Ammoniac.  See  the  Memoirs 
of  the  Academy  of  Sciences. 

The  neutral  falts  formed  by  combining  the  acids  of  nitre 
and  of  vitriol  with  a  Volatile  Alkali  are  called,  after  their 
acids,  Nitrous  Sal  Ammoniac,  and  Vitriolic  Sal  Ammoniac : 
the  latter,  from  the  name  of  its  inventor,  is  alfo  called 
Glauber's  Secret  Sal  Ammoniac. 

A  Volatile  Aikali,  then,  has  the  fame  property  as  a  Fixed 
Alkali  with  regard  to  acids  :  yet  they  differ  in  this,  that  the 
affinity  of  the  former  with  acids  is  weaker  than  that  of  the 
latter  -  and  hence  it  follows,  that  any  Sal  Ammoniac  may  be 
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decompounded  by  a  Fixed  Alkali,  which  will  lay  hold  of  the 
acid,  and  difcharge  the  Volatile  Alkali. 

A  Volatile  Alkali  will  decompound  any  neutral  fait  which 
has  not  a  Fixed  Alkali  for  its  bails;  that  is,  all  fuch  as,  con- 
fin:  of  an  acid  combined  with  an  abforbent  earth  or  a  metal- 
lic fubftance.  By  joining  with  the  acids  in  which  they  are 
diiTolved,  it  difengages  the  earths  or  metallic  fubftances,  takes 
their  place,  and,  in  conjun&ion  with  their  acids,  forms  Am- 
moniac Salts. 

Hence  it  might  be  concluded,  that,  of  all  fubftances,  next 
to  the  Phlogiilon  and  the  Fixed  Alkalis,  Volatile  Alkalis 
have  the  greateil  affinity  with  acids  in  general.  Yet  there  is 
fome  difficulty  in  this  matter :  for  abforbent  earths,  and  fe- 
veral  metallic  fubftances,  are  alfo  capable  of  decompounding 
Ammoniacal  Saks,  difcharging  their  volatile  Alkali,  and 
forming  new  compounds  by  uniting  with  their  acids.  This 
might  induce  us  to  think,  that  thefe  fubftances  have  nearly 
the  fame  affinity  with  acids. 

But  it  is  proper  to  obferve,  that  a  Volatile  Alkali  deconu 
pounds  fuch  neutral  falts  as  have  for  their  bafis  either  an  ab- 
forbent earth  or  a  metallic  fubftance,  without  the  aid  of  fire  ; 
whereas  abforbent  earths  or  metallic  fubftances  will  not  de- 
compound an  Ammoniacal  Salt,  unlefs  they  be  affifted  by  a 
certain  degree  of  heat. 

Now,  as  all  thefe  matters  are  extremely  fixed,  at  lead  in 
companion  with  a  Volatile  Alkali,  they  have  the  advantage 
of  being  able  to  refill  the  force  of  fire,  and  fo  of  acting  in 
conjunction  therewith  ;  and  fire  greatly  promotes  the  natural 
acliion  of  fubftances  upon  one  another :  whereas  the  Volatile 
Alkali  in  the  Ammoniacal  Salt,  being  unable  to  abide  the 
force  of  fire,  is  compelled  to  defert  its  acid  ;  and  that  fo 
much  the  more  quickly,  as  its  affinity  therewith  is  confider- 
ably  weakened  by  the  prefence  of  an  earthy  or  metallic  fub- 
ftance, both  of  which  have  a  great  affinity  with  acids. 

Thefe  confederations  oblige  us  to  conclude,  that  Volatile 
Alkalis  have  a  fomewhat  greater  affinity,  than  abforbent 
earths  and  metallic  fubftances,  with  acids. 

Ammoniacal  Salts  projected  upon  nitre  in  fufion  make  it 
detonate;  and  the  Nitrous  Sal  Ammoniac  detonates  by  itfelf, 
without  the  addition  of  any  inflammable  matter.  This  fin- 
gular  effe£t  evidently  demonftrates  the  exiftence  of  an  oily 
matter  in  Volatile  Alkalis ;  for  it  is  certain  that  nitre  will 
never  deflagrate  without  the  concurrence,  and  even  the  im- 
mediate contact,  of  fome  combuftible  matter. 

N  2  '      Thi* 
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This  oily  fubftance  is  often  found  combined  with  Volatile 
Alkalis  in  fuch  a  large  proportion  as  to  difguife  it,  in  fome 
meafure,  and  render  it  exceedingly  foul.  The  fait  may  be 
freed  from  its  fuperfluous  oil  by  repeated  fublimations ;  and 
particularly  by  fubliming  it  from  abforbent  earths,  which 
readily  drink  up  oils.  This  is  called  the  ReEfification  of  a 
Volatile  Alkali.  The  fait,  which  before  was  of  a  yellowifh 
or  dirty  colour,  by  being  thus  rectified  becomes  very  white, 
and  acquires,  an  odour  more  pungent  and  lefs  fetid  than  it 
had  at  firft,  that  is,  when  obtained  by  one  fingle  diflillation 
from  a  putrid  fubftance. 

It  is  proper  to  obferve,  that  the  rectification  of  a  Volatile 
Alkali  muft  not  be  carried  too  far,  or  repeated  too  often;  for 
by  that  means  it  may  be  entirely  decompofed  at  length  ;  and 
particularly  if  an  abforbent  earth,  and  efpecially  chalk,  be 
employed  for  that  purpofe,  the  fait  may  be  converted  into  an 
oil»  an  earth,  and  water. 

Volatile  Alkalis  act  upon  feveral  metallic  fubftances,  and 
particularly  on  copper ;  of  which  they  make  a  moft  beautiful 
blue  folution.  On  this  property  depends  a  pretty  fingular 
efFecl:,  which  happens  fometimes  when  we  attempt,  by  means 
of  a  Volatile  Alkali,  to  feparate  copper  from  any  acid  with 
which  it  is  combined.  Inftead  of  feeing  the  liquor  grow 
turbid,  and  the  metal  fall,  both  which  generally  happen 
when  any  Alkali  whatever  is  mixed  with  a  metallic  fo- 
lution, we  are  furprifed  to  obferve  the  folution  of  copper, 
upon  adding  a  Volatile  Alkali,  retain  its  limpidity,  and  let 
fall  no  precipitate;  or  at  leaft»  if  the  liquor  does  grow  turbid, 
it  remains  fo  but  for  a  moment,  and  inftantly  recovers  its 
tranfparency. 

This  is  occafioned  by  adding  fuch  a  quantity  of  Volatile 
Alkali  as  is  more  than  fufficient  fully  to  faturate  the  acid  of 
the  fojution,  and  confiderable  enough  to  diflblve  all  the  cop- 
per as  faft  as  it  is  feparated  from  the  acid.  On  this  occafion 
the  liquor  acquires  a  deeper  blue  than  it  had  before;  which 
arifes  from  the  property  which  Volatile  Alkalis  have  of  giv- 
ing this  metal,  when  combined  with  them,  a  fuller  blue  than 
any  other  folvent  can  :  hence  we  have  a  touchftone  to  disco- 
ver copper  wherever  it  is ;  for  let  the  quantity  of  this  metal 
combined  with  other  metals  be  ever  fo  fmall,  a  Volatile  Al- 
kali never  fails  to  difcover  it,  by  leaking  it  appear  of  a  blue 
colour. 

Though  a  Volatile  Alkali  be  conftantly  the  refult  of  putre- 
faction, yet  it  muft  not  therefore  be  imagined  that  none  can 
be  produced  by  any  other  means ;  on  the  contrary,   moft  of 
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thofe  fubftances  which  contain  the  ingredients  necefTary  to 
form  it,  yield  no  inconfiderable  quantity  thereof  in  diftilla- 
tion.  Tartar,  for  example,  which  by  being  burnt  in  an 
open  fire  is  converted,  as  was  (hewn,  into  a  Fixed  Alkali, 
yields  a  Volatile  Alkali  when  it  is  decompofed  in  clofe  vef- 
fels;  that  is,  when  it  is  diftilled  ;  becaufe,  in  this  latter  cafe, 
the  oily  part  is  not  difiipated  or  burnt,  as  it  is  by  calcination 
jn  a  naked  fire,  but  has  time  to  unite  with  fome  of  the  earth 
and  acid  of  the  mixt,  in  fuch  a  manner  as  to  form  a  true 
Volatile  Alkali. 

To  prove  that  on  this  occafion,  as  well  as  on  all  others, 
where  unputrefied  bodies  yield  a  Volatile  Alkali,  this  fait  is 
the  product  of  the  fire,  we  need  only  obferve,  that  in  thefe 
diftillations  it  never  rifes  till  after  fome  part  of  the  phlegm, 
of  the  acid,  and  even  of  the  thick  oil  of  the  mixt,  is  come 
over  ;  which  never  is  the  cafe  when  it  is  formed  beforehand 
in  the  body  which  is  the  fubjeel:  of  the  operation,  as  it  is  in 
thofe  which  have  undergone  putrefaction  :  for  this  fait,  being 
much  lighter  and  more  volatile  than  thofe  other  fubftances, 
rifes  of  courfe  before  them  in  diftillation. 


C    H    A    P.        XVI. 

A  General  View  of  Chymical  Decomposition. 

THOUGH  we  have  confidered  all  the  fubftances  which 
enter  into  the  compofition  of  Vegetables,  Animals, 
and  Minerals,  whether  as  primary  or  as  fecondary  principles, 
it  will  not  be  improper  to  (hew  in  what  order  we  obtain 
thefe  principles  from  the  feveral  mixts ;  and  efpecially  from 
Vegetables  and  Animals,  becaufe  they  are  much  more  com- 
plicated than  Minerals.  This  is  called  Analyftng  a  com- 
pound. 

The  method  mod  commonly  taken  to  decompofe  bodies  is 
by  applying  to  them  fucceflive  degrees  of  heat,  from  the 
gentleft  to  the  mod  violent,  in  appropriated  vefTels,  To  con- 
trived as  to  collect  what  exhales  from  them.  By  this  means 
the  principles  are  gradually  feparated  from  each  other ;  the 
moft  volatile  rife  fir  ft,  and  the  reft  follow  in  'order,  as  they 
come  to  be  a&ed  on  by  the  proper  degree  of  heat :  and  this 
?s  called  DiJiillatiQiu 

But 
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But  it  being  obferved  that  fire,  applied  to  the  decompofi- 
tion  of  bodies,  molt  commonly  alters  their  fecondary  princi- 
ples very  fenfibly,  by  combining  them  in  a  different  manner 
with  each  other,  or  even  partly  decompofmg  them,  and  re- 
ducing them  to  their  primitive  principles ;  other  means  have 
been  ufed  to  feparate  thofe  principles  without  the  help  of 
fire. 

"With  this  view  the  mixts  to  be  decompofed  are  forcibly 
compreffed,  in  order  to  fqueeze  out  of  them  all  fuch  parts 
of  their  fubflance  as  they  will  by  this  means  part  with  :  or 
elfe  thofe  mixts  are  for  a  long  time  triturated,  either  along 
with  water,  which  carries  off  all  their  faline  and  faponace- 
ous  contents,  or  with  folvents,  fuch  as  ardent  fpirits,  capa- 
ble of  taking  up  every  thing  in  them  that  is  of  an  oily  or 
refinous  nature. 

We  fhall  here  give  a  fuccinc~t.  account  of  the  effects  of 
thefe  different  methods,  as  applied  to  the  principal  fubftan- 
ces  among  Vegetables  and  Animals,  and  likewife  to  fome 
Minerals. 

SECTION      I. 

The  Analysis  of  Vegetable  Substances. 

A  vaft  many  vegetable  fubftances,  fuch  as  kernels  and 
feeds,  yield,  by  ftrong  compreffion,  great  quantities  of  mild, 
fat,  unftuous  Oils,  which  are  not  foluble  in  ardent  fpirits  : 
thefe  are  what  we  called  Exprejfed  Oils.  They  are  alfo 
fometimes  called  Fat  Oils,  on  account  of  their  unctuoufnefs, 
in  which  they  exceed  all  other  forts  of  Oil.  As  thefe  oils 
are  obtained  without  the  aid  of  fire,  it  is  certain  that  they 
exifled  in  the  mixt  juft  as  we  fee  them,  and  that  they  are 
not  in  the  lead  altered :  which  could  not  have  been  the  cafe 
had  they  been  obtained  by  diftillation ;  for  that  never  pro- 
duces any  Oils  but  fuch  as  are  acrid  and  foluble  in  fpirit  of 
wine. 

Some  vegetable  matters,  fuch  as  the  rind  of  citrons,  le- 
mons, .oranges,  &c.  alfo  yield,  only  by  being  fqueezed  be- 
tween the  fingers,  a  great  deal  of  Oil.  This  fpirts  out  in 
line  fmall  jets,  which  being  received  upon  any  polifhed  fur- 
face,  fuch  as  a  looking-giafs,  run  together  and  form  a  liquor 
that  is  a  real  Oil. 

But  it  muff  be  carefully  noted,  that  this  fort  of  Oil,  though 
obtained  by  expreffion  only,  is  neverthelefs  very  different 
from  the  Oils  mentioned  before,  to  which  the  title  of  Ex- 
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prej]t>d  Oils  peculiarly  belongs:  for  this  is  far  lighter  and 
thinner;  moreover,  it  retains  the  perfe £1  odour  of  the  fruit 
which  yields  it,  and  is  foluble  in  fpirit  of  wine;  in  a  word, 
it  is  a  true  eflential  Oil,  but  abounds  fo  in  the  fruits  which 
produce  it,  and  is  lodged  therein  in  fuch  a  manner,  occupy- 
ing a  vaft  number  of  little  cells  provided  in  the  peel  for  its 
reception,  that  a  very  flight  preflure  difcharges  it ;  which  is 
not  the  cafe  with  many  other  vegetables  that  contain  an  ef- 
fential  Oil. 

Succulent  and  green  plants  yield  by  compreflion  a  great 
deal  of  liquor  or  juice,  which  confifts  of  mod  of  the  phlegm, 
of  the  falts,  and  a  fmall  portion  of  the  oil  and  earth  of  the 
plant.  Thefe  juices,  being  fet  in  a  cool  place  for  fome  time, 
depofite  faline  cryftals,  which  are  a  combination  of  the  acid 
of  the  plant  with  part  of  its  oil  and  earth,  wherein  the  acid 
is  always  predominant.  Thefe  falts,  as  is  evident  from  the 
defcripcion  here  given,  bear  a  great  refemblance  to  the  tar- 
tar of  wine  treated  of  above.  They  are  called  Ejfential 
Salts ;  fo  that  Tartar  might  likewife  be  called  the  Ejfential 
Salt  of  Wine. 

Dried  plants,  and  fuch  as  are  of  a  ligneous,  or  acid  na- 
ture, require  to  be  long  triturated  with  water,  before  they 
will  yield  their  eflential  falts.  Trituration  with  water  is  an 
excellent  way  to  get  out  of  them  all  their  faline  and  fapona- 
ceous  contents. 

A  vegetable  matter  that  is  very  oily  yields  its  eflential 
fait  with  much  difficulty,  if  at  all;  becaufe  the  exceflive 
quantity  of  oil  entangles  the  fait  fo  that  it  cannot  extricate 
itfelf  or  (hoot  into  cryftals.  Mr.  Gerike,  in  his  Principles 
of  Chymijlry,  fays,  that  if  part  of  the  oil  of  a  plant  be  ex- 
tracted by  fpirit  of  wine,  its  eflential  fait  may  be  afterwards 
obtained  with  more  eafe  and  in  greater  quantity.  This  muft 
be  a  very  good  method  for  fuch  plants  as  have  an  exceflive 
proportion  of  eflential  oil ;  but  will  not  fucceed  if  the  eflen- 
tial fait  be  hindered  from  cryftallizing  by  a  redundancy  of 
fat  oil,  becaufe  fat  oils  are  not  foluble  in  fpirit  of  wine. 

Eflential  Salts  are  among  thofe  fubftances  which  cannot 
be  extracted  from  mixts  by  diftillation :  for  the  firft  impref- 
fion  of  fire  decompofes  them. 

Though  the  acid  which  predominates  in  the  Eflential  Salts 
of  plants,  be  mod  commonly  analogous  to  the  vegetable 
acid,  properly  fo  called,  that  is,  to  the  acid  of  vinegar  and 
tartar,  which  is  probably  no  other  than  the  vitriolic  acid  dif- 
guifed ;  yet  it  fometimes  differs  therefrom,  and  fomewhat 
refembles  the  nitrous  or  the  marine  acid.     This  depends  on 

the 
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the  places  where  the  plants  grow  which  produce  thefe  falts: 
if  they  be  maritime  plants,  their  acid  is  akin  to  the  acid  of 
fea-falt;  if  on  the  contrary  they  grow  upon  walls,  or  in  ni- 
trous grounds,  their  acid  is  like  that  of  nitre.  Sometimes 
one  and  the  fame  plant  contains  falts  analogous  to  all  the 
three  mineral  acids;  which  {hews  that  the  vegetable  acids 
are  no  other  than  the  mineral  acids  varioufly  changed  by  cir- 
culating through  plants. 

Liquors  containing  the  EiTential  Salts  of  plants  being  eva- 
porated by  a  gentle  heat  to  the  confiftence  of  honey,  or  even 
further,  are  called  Extracts.  Hence  it  is  plain,  that  an  Ex- 
tract is  nothing  but  the  eiTential  fait  of  a  plant,  combined 
with  fome  particles  of  its  oil  and  earth,  that  remained  fuf- 
pended  in  the  liquor,  and  are  now  incorporated  by  evapora- 
tion. 

Extracts  of  plants  are  alfo  prepared  by  boiling  them  long 
in  water,  and  then  evaporating  fome  part  of  it.  But  thefe 
Extracts  are  cf  inferior  virtue  ;  becaufe  the  fire  diflipates 
many  of  the  oily  and  faline  parts. 

Emulsions. 

Subftances  which  abound  much  in  Oil,  being  bruifed  and 
triturated  with  water  for  fome  time,  afford  a  liquor  of  an 
opaque  dead-white  colour,  like  milk.  This  liquor  confifts 
of  fuch  juices  as  the  water  is  capable  of  diflblving,  together 
with  a  portion  of  the  oil,  which  being  naturally  indiffoluble 
in  water,  is  only  divided  and  difperfed  in  the  liquor,  the 
limpidity  whereof  is  by  that  means  deftroyed.  This  fort  of 
oily  liquor,  in  which  the  oil  is  only  divided,  not  diffolved, 
is  called  an  Emulfion.  The  oily  particles  in  Emulfions  fpon- 
taneoufly  feparate  from  the  water,  when  left  at  reft,  and 
uniting  into  greater  mafies  rife,  on  account  of  their  lightnefs, 
to  the  furface  of  the  liquor,  which  by  that  means  recovers  a 
degree  of  tranfparency. 

If  vegetables  abounding  in  effential  oils  and  refins  be  di- 
gefted  in  fpirit  of  wine,  the  menftruum  takes  up  thefe  oily 
matters,  as  being  capable  of  diflblving  them  ;  and  they  may 
afterwards  be  eafily  feparated  from  it  by  the  affufion  of  wa- 
ter. The  water,  with  which  fpirit  of  wine  has  a  greater 
affinity  than  with  oily  matters,  Separates  them  by  this  means 
from  their  folvent,  agreeably  to  the  common  laws  of  affini- 
ties. 

Without  the  help  of  fire,  fcarce  any  thing,  befides  the 
fubfiances  already  mentioned,  can  be  obtained  from  a  plant : 

but, 
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but,  by  the  means  of  diftillation,  we  are  enabled  to  analyfe 
them  more  completely.  In  profecuting  this  method  of  ex- 
tracting from  a  plant  the  feveral  principles  of  which  it  con- 
fifts,  the  following  order  is  to  be  obferved. 

A  plant  being  expofed  to  a  Very  gentle  heat,  in  a  diftilling 
vefTel  fet  in  the  balneum  marice^  yields  a  water  which  retains 
the  perfect  fmell  thereof.  Some  Chymifts,  and  particularly 
the  illuftrious  Boerhaave,  have  called  this  liquor  the  Spiritus 
Re8or.  The  nature  of  this  odoriferous  part  of  plants  is  not 
yet  thoroughly  known;  becaufe  it  is  fo  very  volatile  that  it  is 
difficult  to  fubjetl:  it  to  the  experiments  necelTary  for  difco- 
vering  all  its  properties. 

If,  inftead  of  diftilling  the  plant  in  the  balneum  mari#>  it 
be  diftilled  over  a  naked  fire,  with  the  precaution  of  putting 
a  certain  quantity  of  water  into  the  diftilling  vefTel  along 
with  it,  to  prevent  its  fufFering  a  greater  heat  than  that  of 
boiling  water,  all  the  efTential  oil  contained  in  that  plant  will 
rife  together  with  that  water,  and  with  the  fame  degree  of 
heat. 

On  this  occafion  it  muft  be  obferved,  that  no  efTential  oil 
can  be  obtained  from  a  plant  after  the  Spiritus  ReEior  hath 
been  drawn  off;  which  gives  ground  to  think  that  the  vola* 
tility  of  thefe  oils  is  owing  to  that  fpirit. 

The  heat  of  boiling  water  is  alfo  fumcient  to  feparate  from 
vegetable  matters  the  fat  oils  which  they  contain.  That, 
however,  is  to  be  done  by  the  way  of  deco£tion  only,  and 
not  by  diftillation  :  becaufe,  though  thefe  oils  will  fwim  on 
water,  yet  they  will  not  rife  in  vapours  without  a  greater  de- 
gree of  heat. 

When  the  efTential  oil  is  come  over,  if  the  plant  be  ex- 
pofed to  a  naked  fire,  without  the  addition  of  water,  and  the 
heat  be  increafed  a  little,  a  phlegm  will  rife  that  gradually 
grows  acid  ;  after  which,  if  the  heat  be  increafed  as  occa- 
sion requires,  there  will  come  over  a  thicker  and  heavier  oil ; 
from  fome  a  volatile  alkali ;  and  laft  of  all,  a  very  thick, 
black,  empyreumatic  oil. 

When  nothing  more  rifes  with  the  ftrongeft  degree  of 
heat,  there  remains  of  the  plant  a  mere  coal  only,  called 
the  Caput  Mortuum,  or  Terra  Damnata.  This  coal  when 
burnt  falls  into  afhes,  which,  being  lixiviated  with  water, 
give  a  fixed  alkali. 

It  is  obfervable,  that  in  the  diftillation  of  plants  which 
yield  an  acid  and  a  volatile  alkali,  thefe  two  falts  are  often 
found  quite  diftintl:  and  feparate  in  the  fame  receiver;  which 
ieems  very  extraordinary,  confidering  that  they  are  naturally 

O  difpofed 
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difpofcd  to  unite,  and  have  a  great  affinity  with  one  another. 
The  reafon  of  this  phenomenon  is,  that  they  are  both  com- 
bined with  much  oil,  which  embarrafTes  them  fo  that  they 
cannot  unite  to  form  a  neutral  fait,  as  they  would  not  fail  to 
do  were  it  not  for  that  impediment. 

All  vegetables,  except  fuch  as  yield  a  great  deal  of  vola- 
tile alkali,  being  burnt  in  an  open  fire,  and  fo  as  to  flame, 
leave  in  their  aibes  a  large  quantity  of  an  acrid,  cauftic,  fix- 
ed alkali.  But  if  care  be  taken  to  fmother  them,  fo  as  to 
prevent  their  flaming  while  they  burn,  by  covering  them 
with  fomething  that  may  continually  beat  down  again  what 
exhales,  the  fait  obtained  from  their  allies  will  be  much  lefs 
acrid  and  cauftic;  the  caufe  whereof  is,  that  fome  part  of 
the  acid  and  oil  of  the  plant  being  detained  in  the  burning, 
and  flopped  from  being  diflipated  by  the  fire,  combines  with 
its  alkali.  Thefe  falts  cryfbllize,  and,  being  much  miJder 
than  the  common  fixed  alkalis,  may  be  ufed  in  medicine, 
and  taken  internally.  They  are  called  Tachenius's  Salts,  be- 
caufe  invented  by  that  Chymift. 

Marine  plants  yield  a  fixed  alkali  analogous  to  that  of  fea- 
falt.  As  for  all  other  plants  or  vegetable  fubflances,  the 
fixed  alkalis  obtained  from  them,  if  rightly  prepared  and 
thoroughly  calcined,  are  all  perfectly  alike*  and  of  the  very 
fame  nature. 

The  laft  obfervation  I  have  to  make  on  the  production  of 
fixed  alkalis  is.  that  if  the  plant  you  intend  to  work  upon  be 
fteeped  or  boiled  in  water  before  you  burn  it,  a  much  fmaller 
quantity  of  fait  will  be  obtained  from  it;  nay,  it  will  yield 
none  at  all,  if  repeated  boilings  have  robbed  it  entirely  of 
thofe  laline  particles  which  mull  necefTarily  concur  with  its 
earth  to  form  a  fixed  Alkali. 

SECTION    II. 

The  Analysis  of  Animal  Substances. 

Succulent  animal  fubflances,  fuch  as  new-killed  fiefh, 
yield  by  exprefiion  a  juice  or  liquid,  which  is  no  other  than 
the  phlegm,,  replete  with  all  the  principles  of  the  animal  bo- 
dy, except  the  earth,  of  which  it  contains  but  little.  The 
hard  or  dry  parts,  fuch  as  the  horns,  bones,  <bc.  yield  a  fi- 
milar  juice,  by  boiling  them  in  water.  Thefe  juices  become 
thick,  like  a  glue  or  jelly,  when  their  watery  parts  are  eva- 
porated;  and,  in  this  ftate,  they  a/re  truly  extracts  of  animal 
matters.      Ihefe  juices   afford  no  crvftals  of   eiTential  fait, 

like 
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like  thofe  obtained  from  vegetables,  and  fhew  no  fign  either 
of  an  acid  or  an  alkali. 

Great  part  of  the  oil  which  is  in  the  flefh  of  animals  may- 
be eafily  feparated  without  the  help  of  fire;  for  it  lies  in  a 
manner  by  itfelf :  it  is  commonly  in  a  concrete  form,  and  is 
called  Fat.  This  oil  fomewhat  refembles  the  fat  oils  of  ve- 
getables ;  for  like  them  it  is  mild,  uncluous,  indifToluble  in 
fpirit  of  wine,  and  is  fubtilized  and  attenuated  by  the  a£tion 
of  fire.  But  there  is  not  in  animals,  as  in  vegetables,  any 
light  elTential  oil,  which  rifes  with  the  heat  of  boiling  water; 
£0  that,  properly  fpeaking,  animals  contain  but  one  fort  of 
oil. 

Few  animal  fubftances  yield  a  perceptible  acid.  Ants  and 
bees  are  almofl  the  only  ones  from  which  any  can  be  obtain- 
ed :  and  indeed  the  quantity  they  yield  is  very  fmall,  as  the 
acid  itfelf  is  extremely  weak. 

The  reafon  thereof  is,  that  as  animals  do  not  draw  their 
nourishment  immediately  from  the  earth,  but  feed  wholly 
either  on  vegetables  or  on  the  flefh  of  other  animals,  the 
mineral  acids,  which  have  already  undergone  a  great  change 
by  the  union  contracted  between  them  and  ;the  oily  matters 
of  the  vegetable  kingdom,  enter  into  a  clofer  union  and 
combination  with  thefe  oily  parts  while  they  are  paffing 
through  the  organs  and  ftrainers  of  animals ;  whereby  their 
properties  are  deftroyed,  or  at  leaft  fo  impaired,  that  they 
are  no  longer  fenfible. 

Animal  matters  yield  in  diftillation,  firft,  a  phlegm,  and 
then,  on  increafing  the  lire,  a  pretty  clear  oil,  which  gra-* 
dually  becomes  thicker,  blacker,  more  fetid,  and  empyreu- 
matic.  It  is  accompanied  with  a  great  deal  of  volatile  alka- 
li j  and  if  the  fire  be  raifed  and  kept  up  till  nothing  more 
comes  over,  there  will  remain  in  the  diftilling  vefTel  a  coal 
like  that  of  vegetables  ;  except  that  when  it  is  reduced  to 
afhes,  no  fixed  alkali,  or  at  leaft  very  little,  can  be  obtained 
from  them,  as  from  the  afhes  of  vegetables.  This  arifes 
from  hence,  that,  as  we  faid  before,  the  faline  principle  in 
animals  being  more  intimately  united  with  the  oil  than  it  is 
in  plants,  and  being  confequently  more  attenuated  and  fub- 
tilized, is  too  volatile  to  enter  into  the  combination  of  a  fix- 
ed alkali  ;  on  the  contrary,  it  is  more  difpofed  to  join  in 
forming  a  volatile  alkali,  which  on  this  occalion  does  not  rife 
till  after  the  oil,  and  therefore  muff  certainly  be  the  produc- 
tion of  the  fire.  It  muft  be  obferved,  that  all  we  have  hi-, 
fherto  faid  concerning  the  analyfis  of  bodies  muft  be  under- 

Q  2  flood 
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flood  of  fuch  matters  only  as  have  not  undergone  any  fort  of 
Fermentation. 

The  chyle  and  milk  of  animals  which  feed  on  plants  ftill 
retain  fome  likenefs  to  vegetables;  becaufe  the  principles  of 
which  thefe  liquors  are  compofed  have  not  gone  through  all 
the  changes  which  they  mutt  fuffer  before  they  enter  into  the 
animal  combination. 

Urine  and  fweat  are  excrementitious  aqueous  liquors, 
loaded  chiefly  with  the  faline  particles  which  are  of  no  fer- 
vice  towards  the  nourifhment  of  the  animal,  but  pafs  through 
its  drainers  without  receiving  any  alteration ;  fuch  as  the 
neutral  falts  which  have  a  fixed  alkali  for  their  bafis,  and 
particularly  the  fea-falt,  which  happens  to  be  in  the  food  of 
animals,  whether  it  exift  therein  naturally,  as  it  does  in 
fome  plants,  or  whether  the  animals  eat  it  to  pleafe  their  pa- 
lates. 

The  faliva,  the  pancreatic  juice,  and  efpecially  the  bile, 
are  faponaceous  liquors,  that  is,  they  contift  of  faline  and 
oily  particles  combined  together  :  fo  that  being  themfelves 
difiblved  in  an  aqueous  liquor,  they  are  capable  of  diflblving 
likewife  the  oily  parts,  and  of  rendering  them  mifcible  with 
water. 

Laftly,  the  blood  being  the  receptacle  of  all  thefe  liquors 
partakes  of  the  nature  of  each,  more  orlefs  in  proportion  to 
the  quantity  thereof  which  it  contains. 

SECTION     III. 

The  Analysis  of  Mineral  Substances. 

Minerals  differ  greatly  from  vegetables,  and  from  ani- 
mals; they  are  not  near  fo  complex  as  thofe  organized  bo- 
dies, and  their  principles  are  much  more  fimple ;  whence  it 
follows,  that  thefe  principles  are  much  more  clofely  connect- 
ed, and  that  they  cannot  be  feparated  without  the  help  of 
fire  ;  which  not  having  on  their  parts  the  fame  action  and 
the  fame  power  as  on  organized  bodies,  hath  not  the  fame 
ill  effeft  on  them  ;  I  mean  the  effect  of  changing  their  prin- 
ciples, or  even  deitroying  them  entirely. 

I  do  not  here  fpeak  of  pure,  vitrifiable,  or  refractory 
earths  ;  of  mere  metals  and  femi-metals  ;  of  pure  acids;  or 
even  of  their  fimpleff.  combinations,  fuch  as  fulphur,  vitriol, 
alum,  fea-falt:  of  all  thefe  we  have  faid  enough. 

We  are  now  to  treat  of  bodies  that  are  more  complex,  and 
therefore  more  fufceptible  of  decompofition.      Thefe  bodies 

are 
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are  compound  maffes,  or  combinations  of  thofe  above-men- 
tioned ;  that  is,  metallic  fubfbnces  as  they  are  found  in  the 
bowels  of  the  earth,  united  with  feveral  forts  of  fand,  ftones, 
earths,  femi-metals,  fulphur,  <bc.  When  the  metallic  mat- 
ter is  combined  with  other  matters,  in  fuch  a  proportion  to 
the  reft  that  it  may  be  feparated  from  them  with  advantage 
and  profit,  thefe  compounds  are  called  Ores  ;  when  the  cafe 
is  otherwife,  they  are  called  Pyrites ,  and  Marcafites ;  efpe- 
daily  if  fulphur  or  arfenic  be  predominant  therein,  which 
often  happens. 

In  order  to  analyfe  an  ore,  and  get  out  of  it  the  metal  it 
contains,  the  firft  ftep  is  to  free  it  from  a  great  deal  of  earth 
and  ftones,  which  commonly  adhere  to  it  very  flightly  and 
fuperficially.  This  is  effected  by  pounding  the  ore,  and  then 
warning  it  in  water ;  to  the  bottom  of  which  the  metalline 
parts  prefently  fink,  as  being  the  heavieft,  while  the  fmall 
particles  of  earth  and  flone  remain  fufpended  fome  time 
longer. 

Thus  the  metallic  part  is  left  combined  with  fuch  matters 
only  as  are  moft  intimately  complicated  with  it.  Thefe  fub- 
ftances  are  moft  commonly  fulphur  and  arfenic.  Now,  as 
they  are  much  more  volatile  than  other  mineral  matters,  they 
may  be  difiipated  in  vapours,  or  the  fulphur  may  be  confum- 
ed,  by  expofing  the  ore  which  contains  them  to  a  proper  de- 
gree of  heat.  If  the  fulphur  and  arfenic  be  defired  by  them- 
felves,  the  fumes  thereof  may  be  catched  and  collected  in 
proper  veflels  and  places.  This  operation  is  called  Roajling 
an  Ore. 

The  metal  thus  depurated  is  now  fit  to  be  expofed  to  a 
greater  force  of  fire,  capable  of  melting  it. 

On  this  occafion  the  femi-metals  and  the  imperfect  metals 
require  the  addition  of  fome  matter  abounding  in  phlogifton, 
particularly  charcoal-duft ;  becaufe  thefe  metallic  fubftances 
lofe  their  phlogifton  by  the  action  of  the  fire,  or  of  the  flux- 
es joined  with  them,  and  therefore  without  this  precaution 
would  never  acquire  either  the  fplendour  or  the  ductility  of 
a  metal.  By  this  means  the  metallic  fubftance  is  more  ac- 
curately feparated  from  the  earthy  and  ftony  parts,  of  which 
fome  portion  always  remajns  combined  therewith  till  it  is 
brought  to  fufion.  For,  as  we  obferved  before,  a  metallic 
glafs  or  calx  only  will  contract  an  union  with  fuch  matters ; 
a  metal  poflefled  of  its  phlogifton  and  metalline  form  being 
Utterly  incapable  thereof. 

We  took  notice  of  the  caufe  of  this  feparation  above,  where 
we  fhewed  that  a  metal  poiTeiTed  of  its  pbjogiftoix  and  metal- 
line. 
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line  form  will  not  remain  intimately  united  with  any  calcined 
or  vitrified  matter,  not  even  with  its  own  calx  or  glafs. 

The  metal  therefore  on  this  occafion  gathers  into  a  mafs, 
and  lies  at  the  bottom  of  the  veffel,  as  being  mod  ponderous; 
while  the  heterogeneous  matters  float  upon  it  in  the  form  of 
a  glafs,  or  a  femi-vitrification.  Thefe  floating  matters  take 
the  name  of  Scoria,  and  the  metalline  fubdance  at  bottom 
is  called  the  Regulus. 

It  frequenrly  happens,  that  the  metalline  regulus  thus  pre- 
cipitated is  itfelf  a  compound  of  feveral  metals  mixed  toge- 
ther, which  are  afterwards  to  be  feparated.  We  cannot  at 
prefent  enter  into  a  detail  of  the  operations  neceflary  for  that 
purpofe  :  they  will  appear  in  our  Treatife  of  Practical  Chy- 
mijlry  :  but  the  principles  on  which  they  are  founded  may  be 
deduced  from  what  we  have  faid  above,  concerning  the  pro- 
perties of  the  feveral  metals  and  of  acids. 

It  is  proper  to  obferve,  before  we  quit  this  fubjecl:,  that 
the  rules  here  laid  down  for  analyfing  ores  are  not  abfolutely 
general:. for  example,  it  is  often  advifeable  to  road  the  ore 
before  you  wafh  it;  for  by  that  means  fome  ores  are  opened, 
attenuated,  and  made  very  friable,  which  would  coil  much 
trouble  and  expence,  on  account  of  their  exceflive  hardnefs, 
if  you  mould  attempt  to  pound  them  without  a  previous  tor- 
refaction. 

It  is  alfo  frequently  necefTary  to  feparate  the  ore  from 
part  only  of  its  done ;  fometimes  to  leave  the  whole ;  and 
fometimes  to  add  more  to  it,  before  you  fmelt  it.  This  de- 
pends on  the  quality  of  the  (lone,  which  always  helps  to  pro- 
mote fufion  when  it  is  in  its  own  nature  fufible  and  verifia- 
ble. It  is  then  called  the  Fluor  of  the  ore  :  but  of  this  we 
mud  fay,  as  we  did  of  the  preceding  article,  it  is  fufficient 
for  our  prefent  purpofe  to  lay  down  the  fundamental  princi- 
ples on  which  the  reafon  of  every  procefs  is  built ;  the  de- 
scription of  the  operations  themfelves  being  referved  for  our 
iecond  Part. 

We  fhall  now  give  a  fuccincl:  account  of  the  principal  ores 
and  mineral  bodies,  contenting  ourfelves  with  juft  pointing 
out  the  particulars  of  which  they  feverally  confiit. 

Of   the    P  y  r  i  t  e  s. 
The  yellow  Pyrites, 

This  yellow  Pyrites  is  a  mineral  confiding  of  fulphur, 
iron,  an  unmetallic  earth,  and  frequently  a  little  copper  : 

the 
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the  fulphur,  which  is  the  only  one  of  thefe  principles  that  is 
volatile,  may  be  feparated  from  the  reft  by  fublimation :  it 
ufually  makes  a  fourth,  and  fometimes  a  third,  of  the  whole 
weight  of  thefe  Pyrites.  The  other  principles  are  feparated 
from  one  another  by  fufion  and  reduction  with  the  phlogi- 
fton,  which,  by  metallizing  the  ferruginous  and  cupreous 
earths,  parts  them  from  the  unmetallic  earth  :  for  this  earth 
vitrifies,  and  cannot  aftery/ards  continue  united  with  metal- 
lic matters  poffefied  of  their  metalline  form,  as  hath  been  faid 
before. 

There  is  yet  another  way  of  decomposing  the  yellow  Pyri- 
tes, which  is  to  let  it  ly  till  it  efflorefces,  or  begins  to  fhoot 
into  flowers;  which  is  nothing  but  a  fort  of  flow  accenfion 
of  the  fulphur  it  contains.  The  fulphur  being  by  this  means 
decompofed,  its  acid  unites  with  the  ferruginous  and  cupre- 
ous parts  of  the  Pyrites,  and  therewith  forms  green  and  blue 
vitriols ;  which  may  be  extracted  by  fteeping  in  water  the 
Pyrites  which  has  efllorefced  or  been  burnt,  and  then  eva- 
porating the  lixivium  to  a  pellicle ;  for  by  this  means  the  vi- 
triol will  fhoot  into  cryftals. 

Sometimes  the  Pyrites  contains  alfo  an  earth  of  the  fame 
nature  with  that  of  alum  ;  a  Pyrites  of  this  fort,  after  flower- 
ing, yields  alum  as  well  as  vitriol. 

The  white  Pyrites. 

The  white  Pyrites  contains  much  arfenic,  a  ferruginous 
earth,  and  an  unmetallic  earth.  The  arfenic,  being  a  vola- 
tile principle,  may  be  feparated  by  fublimation  or  diftilla- 
tion  from  the  reft,  which  are  fixed :  and  thefe  again  may  be 
disjoined  from  each  other  by  fufion  and  reduction,  as  was 
faid  in  relation  to  the  yellow  Pyrites. 

The  Copper  Pyrites* 

The  Copper  Pyrites  contains  fulphur,  copper,  and  an 
unmetallic  earth.  A  great  deal  thereof  likewife  holds  arfenic, 
and  its  colour  approaches  more  or  lefs  to  orange,  yellow, 
or  white,  according  to  the  quantity  of  arfenic  in  it.  It  may 
be  decompofed  by  the  fame  means  as  the  yellow  and  white 
Pyrites. 
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Of  Ores. 

Of  Gold  Ores. 

Gold  being  ccnftantly  found  in  its  metalline  form,  and 
never  combined  with  fulphur  and  arfenic,  its  matrices  are 
not,  properly  fpeaking,  ores;  becaufe  the  metal  contained 
in  them  Is  not  mineralized.  The  gold  is  only  lodged  between 
particles  of  flone,  earth,  or  fand,  from  which  it  is  eafily  fe- 
parated  by  lotion,  and  by  amalgamation  with  quickfilver.  The 
gold  thus  found  is  feldom  pure,  but  is  frequently  alloyed 
with  more  or  lefs  fiiver,  from  which  it  is  to  be  feparated  by 
quartation. 

It  is  alfo  very  common  to  find  gold  in  moft  ores  of  other 
metals  or  femi- metals,  and  even  in  the  Pyrites  ;  but  the 
quantity  contained  therein  is  generally  fo  fmall,  that  it  would 
not  pay  the  coft  of  extracting  it.  However,  if  any  mould 
incline  to  attempt  it,  merely  out  of  curiofity,  it  would  be  ne- 
ceflary  to  begin  with  treating  thefe  ores  in  the  manner  proper 
for  feparating  their  metalline  part;  then  to  cupel  the  metal- 
line regulus  fo  obtained ;  and,  laftly,  to  refine  it  by  quarta- 
tion. 

Of  Silver  Ores. 

It  is  no  rare  thing  to  find  fiiver,  as  well  as  gold,  in  its 
metalline  form,  only  lodged  in  fundry  earths  and  ftony  mat- 
ters, from  which  it  may  be  feparated  in  the  fame  manner  as 
gold.  But  the  greateft  quantities  of  this  metal  are  ufually 
dug  out  of  the  bowels  of  the  earth  in  a  truly  mineral  ftate : 
that  is,  combined  with  different  fubftances,  and  particularly 
with  fulphur  and  arfenic. 

Several  fiiver.  ores  are  diftinguifhed  by  peculiar  characte- 
riftics,  and  are  accordingly  denoted  by  particular  names.. 
That  which  is  called  the  Vitreous  Silver  Ore,  is  fcarce  any 
thing  elfe  but  a  combination  of  fiiver  and  fulphur.  Another 
is  known  by  the  name  of  the  Homy  Silver  Ore,  becaufe  when 
in  thin  plates  it  is  femi-tranfparent :  in  this  ore  the  fiiver  is 
mineralized  by  fulphur  and  a  little  arfenic.  The  Red  Silver 
Ore  is  of  the  colour  which  its  name  imports,  fometimes  more, 
iometimes  lefs  vivid ;  and  is  chiefly  cornpoied  of  fiiver,  arfe- 
nic, and  fulphur:  it  alfo  contains  a  little  iron. 

Thefe  three  ores  are  verv  rich  in  fiiver :  the  firfr  contains 
nearly  three  fourths  of  its  weight,  and  the  others  about  two 
thirds  of  theirs. 

There 
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There  is  a  fourth^  called  the  White  Silver  Ore,  which, 
though  it  be  heavier,  is  not  fo  rich  in  filver,  becaufe  it  con- 
tains much  copper.  Many  other  minerals  contain  filver,  yet 
are  not,  properly  fpeaking,  filver  ores ;  becaufe  a  much 
greater  quantity  of  other  metals  than  of  filver  is  found  in 
them. 

When  a  filver  ore  is  to  be  decompofed,  in  order  to  have 
the  filver  pure,  or  when  filver  is  to  be  extracted  out  of 
any  ore  that  contains  it,  the  firft  thing  to  be  done  is  to  roaft 
the  ore,  in  order  to  clear  it  of  the  volatile  minerals:  and  as 
filver  cannot  be  had  pure  without  the  operation  of  the  cupel, 
which  requires  more  or  lefs  lead  to  be  joined  with  it,  it  is 
ufual  to  mix  with  the  torrified  filver  ore  a  quantity  of  lead, 
proportioned  to  that  of  the  heterogeneous  matters  combined 
with  the  filver,  and  to  melt  the  whole  together.  Part  of  the 
added  lead  vitrifies  during  the  fufion,  and  at  the  fame  time 
converts  fome  of  the  heterogeneous  matters  alfo  into  glafs, 
with  which  it  forms  a  fcoria  that  rifes  to  the  furface  of  the 
matter.  The  other  part  of  the  lead,  with  which  the  filver  is 
mixed,  falls  to  the  bottom  in  the  form  of  a  regulus,  which 
mud  be  cupelled  in  order  to  have  the  filver  pure. 

Of  Copper  Ores. 

Copper  is  much  feldomer  found  in  a  metalline  form  than 
gold  or  filver :  it  is  commonly  in  a  mineral  ftate :  it  is  mi- 
neralized by  fulphur  and  arfenic  :  almoft  all  its  ores  contain 
alfo  more  or  lefs  of  iron ;  fometimes  a  little  filver,  or  even 
gold,  together  with  unmetallic  earths  and  flones,  as  all  ores 
do. 

Moft  copper  ores  are  of  a  beautiful  green  or  blue,  or  eKe 
in  {hades  blended  of  thefe  two  colours.  The  minerals  called 
mountain  green,  and  mountain  blue,  are  true  copper  ores  ; 
not  in  the  form  of  hard  (tones,  like  other  ores,  but  crumbly 
and  friable  like  earth. 

Neverthelefs,  there  are  feveral  copper  ores  of  different  co- 
lours, as  am -coloured,  whitifh,  and  fhaded  with  yellow  or 
orange ;  which  colours  arife  from  the  different  proportions  of 
arfenic,  fulphur,  and  iron,  which  thefe  ores  contain. 

In  order  to  decompofe  a  copper  ore,  and  to  extract  the 
copper  it  contains,  it  is  firft  of  all  to  be  freed  from  as  many 
of  its  earthy,  ftony,  fulphureous,  and  arfenical  parts,  as  is 
poffible,  by  mailing  and  warning ;  then  what  remains  is  to 
be  mixed  with  a  flux,  compounded  of  a  fixed  alkali  and  fome 
inflammable  matter ;  a  little  fea-falt  is  to  be  put  over  all,  and 
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the  whole  melted  by  a  ftrong  fire.  The  falts  facilitate  the 
fufion  and  fcorification  of  the  unmetallic  matters,  and  there- 
with form  a  flag,  which  being  the  lighteft  rifes  to  the  furface. 
The  metalline  matters  are  collected  below  in  the  form  of  a 
fhining  regulus  of  copper ;  which,  however,  is  not  ufually 
fine  copper,  but  requires  to  be  purified  in  the  manner  to  be 
fhewn  in  our  fecond  part. 

In  order  to  feparate  the  copper  from  the  unmetallic  mat- 
ters, it  is  abfolutely  neceffary  to  melt  its  ore  along  with  in- 
flammable fubftances  abounding  in  phlogifton.  For,  as  this 
metal  is  not  poflTefTed  of  its  metalline  form  while  it  is  in  a 
mineral  flate,  as  it  is  deftitute  of  the  true  quantity  of  phlo- 
gifton, and,  though  it  were  not,  would  lofe  it  by  the  action 
of  the  fire,  it  would  come  to  pafs,  that  if  its  ore  were  melt- 
ed without  the  addition  of  any  inflammable  matter,  the  cu- 
preous earth  or  calx  would  be  fco rifled  and  confounded  with 
the  unmetallic  matters ;  and  as  all  metallic  matters,  except 
gold  and  filver,  are  fubject  to  this  inconvenience  as  well  as 
copper,  the  addition  of  an  inflammable  fubftance,  in  fluxing 
all  ores  that  contain  them,  is  a  general  rule  that  ought  con- 
stantly to  be  obferved. 

Of  Iron   Ores, 

Iron  is  feldom  found  pure  and  malleable  in  the  earth; 
yet  it  is  much  feldomer  found  in  the  mineral  flate,  properly 
fo  called,  than  any  of  the  other  metals  :  for  moft  iron  ores 
are  fcarce  any  thing  more  than  a  ferruginous  earth  mixed  in 
different  proportions  with  unmetallic  earths  and  ftones. 
Some  of  them,  however,  contain  alfo  volatile  minerals,  fuch 
as  fuiphur  and  arfenic;  and  therefore  it  is  neceffary  to  roaft 
the  iron  ores,  like  all  others,  before  you  attempt  to  extract 
the  metal  out  of  them.  That  being  done,  they  are  to  be 
fmelted  with  a  flux  confifting  of  fufible  and  inflammable 
matters,  as  the  general  rule  directs. 

Iron  is  the  cornmoneft  of  all  metals  :  nay,  it  is  fo  univer- 
fally  diffufed  through  the  earth,  that  it  is  difficult  to  find  any 
ltone,  earth,  or  fand,  that  does  not  contain  fome  of  it;  and 
therefore  none  of  thefe  are  ufually  confidered  and  treated  as 
iron  ores,  except  fuch  as  contain  a  great  deal  of  that  metal, 
and  melt  eafily.  The  hematites,  emery,  yellow  pyrites,  ca- 
lamine, all  contain  a  pretty  confiderable  quantity  of  iron  ; 
but  no  body  attempts  to  extract  it  from  them,  becaufe  they 
are  very  hard  to  melt. 

Ferruginous 
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Ferruginous  earth  being  naturally  of  an  orange  colour,  a 
ftone  or  earth  may  be  judged  to  contain  iron,  if  either  natu- 
rally, or  after  roafting,  it  appears  to  have  one  (hade  of  yellow 
or  red. 

The  lingular  property  which  iron  has  of  being  attracted 
by  the  magnet,  and  of  being  the  only  body,  exclufive  of 
all  others,  that  is  fo,  likewife  affords  us  an  eafy  method  of 
difcovering  the  prefence  of  this  metal  among  other  matters, 
where  it  often  exifls  in  fuch  a  fmall  quantity  that  it  could  not 
otherwife  be  found  out.  For  this  purpofe  the  body  in  which 
iron  is  fufpe&ed  to  lurk,  muft  be  pulverifed  and  torrefied 
with  fome  inflammable  matter ;  and  then  the  powder  thus 
roafted  being  touched  with  a  magnet,  or  an  animated  bar,  if 
it  contains  any  particles  of  iron  they  will  infallibly  adhere  to 
the  magnet  or  bar. 

Of  Tin  Ores. 

Tin  is  never  found  in  the  earth  pure  and  malleable,  but 
always  in  a  mineral  ftate,  and  always  mineralized  by  arknic. 
Tin  ores  are  not  fulphureous;  whence  it  comes,  that  chough 
tin  be  the  lighted  of  all  metals,  its  ores  are  neverthelefs  hea«* 
vier  than  thofe  of  other  metals,  as  arfenic  greatly  exceeds 
fulphur  in  gravity.  Some  tin  ores  contain  alfo  a  little  iron. 
The  ores  of  tin  are  to  be  warned,  roafted,  and  fmelted  with 
a  reducing  flux,  according  to  the  general  rules. 

Of  Lead  Ores. 

Lead,  like  tin,  is  never  found  but  in  a  mineral  ftate.  It 
is  moft  commonly  mineralized  by  fulphur;  yet  there  are 
fome  lead  ores  which  alfo  contain  arfenic. 

Lead  ores,  as  well  as  others,  muft  be  roafted  and  fmelted 
with  a  reducing  flux :  however,  as  it  is  difficult  to  free  them 
from  all  their  fulphur  by  torrefa&ion  only,  the  reducing  flux 
employed  in  their  fufion  may  be  made  up  with  a  quantity  of 
iron  filings,  which  being  incapable  of  any  union  with  lead, 
and  having  a  much  greater  affinity  than  that  metal  with  ful- 
phur, will,  on  this  occafion,  be  of  great  fervice  by  interpofing 
between  them. 

Of  Quickfilver  Ores. 

Running  Mercury  is  fometimes  found  in  certain  earths, 
or  grey,  friable  ftones  \   but  moft  commonly  in  a  mineral 
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ftate.  It  is  always  mineralized  by  fulphur,  and  by  fulphur 
alone:  fo  that  cinabar  is  the  only  ore  of  quickfilver  that  we 
know  of;  and  a  very  rich  one  it  is,  feeing  it  contains  fix  or 
feven  times  as  much  mercury  as  fulphur. 

Roafting  can  be  of  no  uie  towards  decompofing  the  ore  of 
mercury,  and  feparating  its  fulphur ;  becaule  mercury  being 
itfelf  very  volatile  would  be  carried  off  by  the  fire  together 
with  the  fulphur.  In  order,  therefore,  to  part  the  two  fub^ 
fiances  of  which  cinabar  confifts,  recourfe  muft  necefiarily 
be  had  to  fome  third  body,  which  will  unite  with  one  of 
them,  and  by  that  means  feparate  it  from  the  other.  Now 
all  the  metals,  except  gold,  having  a  greater  affinity  than 
mercury  with  fulphur,  fuch  a  body  is  eafily  found  :  any  me^ 
tal  but  gold  may  be  employed  with  fuccefs  in  this  decompo- 
fition  ;  but  as  iron  hath  a  greater  affinity  with  fulphur  than 
any  of  the  reft,  and  is  moreover  the  only  one  that  cannot  u- 
nite  with  mercury,  it  muft,  on  account  of  thefe  two  qualities, 
be  preferred  to  all  the  reft. 

Fixed  alkalis  are  alfo  well  qualified  to  abforb  the  fulphur 
of  cinabar.  Cinabar  muft  be  decompofed  in  clofe  veffels, 
and  by  the  way  of  diftillation  ;  otherwife  the  mercury,  as 
foon  as  it  feparates  from  the  fulphur,  will  be  diffipated  in  va- 
pours and  entirely  loft. 

In  this  operation  it  is  needlefs  to  add  either  flux  or  phlc- 
gifton ;  becaufe  the  cinabar  is  decompofed  without  melting, 
and  the  mercury,  though  in  a  mineral  ftate,  contains,  like 
gold  and  filver,  all  the  phlogifton  requifite  to  fecure  its  meT 
talline  properties. 

Of  the  Ores  of  Regulus  of  Antimony. 

Kegulus  of  Antimony  is  always  found  in  a  mineral 
ftate :  it  is  mineralized  by  fulphur ;  but  fometimes,  though 
rarely,  it  is  alfo  combined  with  a  little  arfenic. 

When  the  ore  of  regulus  of  antimony  is  to  be  decompofed, 
the  firft  thing  to  be  done  is  to  expofe  it  to  a  degree  of  heat 
too  weak  to  melt  its  earthy  and  ftony  parts,  but  ftrong  e- 
nough  to  fufe  its  reguline,  together  with  its  fulphureous 
parts,  which  by  this  means  are  feparated  from  the  earth,  and 
united  into  one  mafs,  known  by  the  name  of  Antimony. 

It  is  plain  that  this  firft  operation,  which  is  founded  on  the 
great  fufibility  of  antimony,  produces,  with  regard  to  the 
ore  of  regulus  of  antimony,  the  fame  effect  that  warning  hath 
on  other  ores :  fo  that  after  this  firft  fufion  nothing  more  is 
requifite  to  the  obtaining  of  a  pure  regulus  of  antimony,  but 
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to  feparate  it  from  its  fulphur  by  mailing,  and  to  melt  it 
with  fome  matter  abounding  in  phlogifton,  in  the  fame  man- 
ner as  other  metallic  matters  are  treated.  The  term  Calcina- 
tian  is  generally  ufed  to  exprefs  this  torrefa£tion  of  antimo- 
ny, by  means  whereof  the  metallic  earth  of  the  regulus  of 
antimony  is  fepa rated  from  its  fulphur. 

As  regulus  of  Antimony  hath,  like  Mercury,  much  leis 
affinity  with  fulphur  than  the  other  metals  have,  it  follows 
that  antimony  may  be  decompofed  by  the  fame  means  as 
cinabar;  but  the  regulus,  fo  obtained,  is  adulterated  with  a 
portion  of  the  additament  made  ufe  of,  which  combines 
therewith. 

There  is  ftill  another  procefs  employed  for  obtaining  the 
regulus  of  antimony :  it  confifts,  as  was  mentioned  in  its 
place,  in  detonating  the  mineral  with  a  mixture  of  nitre  and 
tartar,  applied  in  fuch  a  proportion  that,  after  the  detonation 
has  confumed  the  fulphur,  there  may  remain  fo  much  in* 
flammable  matter  as  will  be  fufficient  to  furnifli  the  metal- 
line earth  of  the  antimony  with  the  phlogifton  neceffary  to 
preferve  its  metallic  properties.  But  by  this  method  lefs  re- 
gulus is  produced,  than  by  calcining,  or  torrefying,  and  re-. 
ducing  as  ufual. 

Of  the  Ores  of  Bifmuth. 

The  ore  of  Bifmuth  confifts  of  the  femi-metal  mineraliz- 
ed by  arfenic,  and  of  an  unmetalJic  earth.  It  is  very  eafy 
to  decompofe  this  ore,  and  to  extract  the  bifmuth  it  contains: 
for  this  purpofe  it  need  only  be  expofed  to  a  moderate  heat, 
whereby  the  arfenic  will  be  diflipated  in  vapours,  and  the  bif- 
muth melted,  which  will  then  feparate  from  the  unmetallic 
earth.  This  earth,  at  lead,  in  feveral  ores  ci  bifmuth,  pof- 
fefies  the  property  of  tinging  all  vitrifiable  matters,  with 
which  it  is  melted,  of  a  beautiful  blue  colour. 

To  decompofe  the  ore  of  bifmuth  no  flux  or  inflammable 
matter  is  ufed  \  becaufe  this  femi-metal  is  pofTefled,  even  in 
its  mineral  ftate,  of  all  the  phlogifton  requifite  to  maintain 
its  metalline  properties  ;  and  its  great  fufibility  makes  it 
unneceifary  to  melt  the  unmetallic  earth  contained  in  its 
ore. 

Of  the  Ores  of  Zinc. 

Zinc  is  not  generally  obtained  from  a  particular  ore  of  its 
pwn  j  but  fublimes  during  the  fufion  of  a  mineral,  or  rather 
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a  confufed  mafs  of  minerals,  that  contains  this  femi-metal 
tog?th  jr  w  th  iron,  copper,  lead,  fulphur,  arfenic,  and,  like 
all  ocher  oies,  an  unmetallic  earth. 

Neverthi  lefs,  there  is  a  fubftance  which  may  be  confider- 
ed  as  the  proper  ore  of  zinc,  becaufe  it  contains  a  pretty 
large  quantity  of  that  femi-metal,  a  little  iron,  and  an  un- 
metallic earth.  It  is  called  Calamine ,  or  Lapis  Caiaminaris ; 
but  hitherto  the  art  of  procuring  zinc  directly  from  this  mi- 
neral hath  no  where  been  practifed.  Calamine  is  common- 
ly employed  only  to  convert  copper  into  brafs,  or  a  yellow 
metal,  by  cementing  it  therewith.  Indeed,  till  lately,  no 
eafy  or  practicable  method  of  obtaining  pure  zinc  from  ca- 
lamine was  publicly  known;  for  that  femi-metal  being  vola- 
tile and  very  inflammable,  its  ore  cannot  be  fufed  like  others. 
Mr.  Margraaf  was  the  firft  who,  by  mixing  powdered  char- 
coal with  calamine  in  clofe  veffels,  obtained  a  perfect  zinc 
from  it,  by  the  means  of  diflillation  or  fublimation,  as  fhal] 
be  fhewn  in  our  Practical  Chymiftry. 

9/  Arfenic al  Minerals, 

Arsenic,  as  well  as  fulphur,  is  naturally  combined  with 
almoft  all  ores,  or  mineraJs  containing  metallic  fubftances. 
As  it  is  very  volatile,  while  the  matters  with  which  it  is 
united  are  fixed,  at  leaft  in  comparifon  therewith,  it  is  eafily 
feparated  by  fublimation. 

The  minerals  that  contain  moft  arfenic  are  the  white  py- 
rites, orpiment,  and  cobalt.  We  have  already  confidered 
the  white  pyrites :  as  to  orpiment,  it  confifts  of  fulphur  and 
arfenic.  Both  thefe  fubftances  being  very  volatile,  it  is  dif- 
ficult to  feparate  them  by  fublimation  :  yet,  with  proper  ma- 
nagement, and  a  due  regulation  of  the  fire,  this  feparation 
may  be  effected ;  becaufe  fulphur  fublimes  a  little  more  ea- 
fily than  arfenic.  But  it  is  more  convenient,  as  well  as  more 
expeditious,  to  make  ufe  of  fome  additament  that  hath  a 
greater  affinity  with  one  of  thofe  fubftances  than  with  the 
other.  Fixed  alkalis  and  mercury,  both  of  which  have  more 
affinity  with  fulphur  than  with  arfenic,  may  be  very  proper- 
ly employed  on  this  occafion. 

Cobalt  is  a  mineral  compofed  of  arfenic,  an  unmetallic 
earth,  and  frequently  bifmuth  :  and  as  none  of  thefe  are  ve- 
ry volatile,  except  the  arfenic,  this  may  be  eafily  feparated 
from  the  reft  by  fublimation.  The  unmetallic  earth  which 
remains  has,  like  that  of  the  ore  of  bifmuth,  the  property 
of  giving  a  blue  colour  to  any  vitrifiable  matters  melted  with 
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it ;  whence  it  is  conjectured,  that  cobalt  and  the  ore  of  bif* 
muth  have  a  great  refemblance,  or  are  often  blended  with 
each  other.  Neverthelefs,  Mr.  Brant,  an  ingenious  Swediih 
Chymifl,  infifts  that  they  are  very  different:  he  pretends  that 
the  metallic  fubftance  contained  in  the  true  cobalt  is  a  femi- 
metal  of  a  peculiar  nature,  which  hath  been  erroneoully 
confounded  with  bifmuth  :  and  indeed  he  proves  by  a  great 
number  of  curious  experiments,  related  in  the  Memoirs  of 
the  Academy  of  Upfal,  that  thefe  two  metallic  fubfiances 
have  properties  that  are  effentially  different :  to  th3t  which 
is  obtained  from  cobalt,  he  gives  the  name  of  Regulus  of 
Cobalt, 

Befides  the  minerals  already  recited,  there  is  found  in  the 
bowels  of  the  earth  another  fpecies  of  compound  body,  of 
which  we  have  already  taken  notice  ;  but  which  is  fuppoied, 
with  fome  degree  of  probability,  to  belong  as  much  to  the 
vegetable  as  to  the  mineral  kingdom  :  I  mean  the  Bitumens ; 
which  the  beft  obfervations  oblige  us  to  confider  as  vegetable 
oils,  that  by  lying  long  in  the  earth  have  contracted  an 
union  with  the  mineral  acids,  and  by  that  means  acquired 
the  thicknefs,  confiftence,  and  other  properties  obfervable  in 
them. 

By  diftillation  they  yield  an  oil,  and  an  acid  not  unlike  a 
mineral  acid.  Mr.  Bourdelin  has  even  demonftrated,  by  a 
very  artful  and  ingenious  procefs,  that  amber  contains  a  ma- 
nifeft  acid  of  fea-falt.  See  the  Memoirs  of  the  Royal  Aca- 
demy of  Sciences. 


CHAP.       XVII. 

Explanation  of  the  Table  of  Affinities, 

IT  hath  been  (hewn  in  the  courfe  of  this  work,  that  the 
caufes  of  almoft  all  the  phenomena,  which  Chymiftry 
exhibits,  are  deduciblefrom  the  mutual  affinities  of  different 
fubftances,  efpecially  the  fimpleft.  We  have  already  ex- 
plained (Chap.  II.)  what  is  meant  by  affinities,  and  have 
laid  down  the  principal  laws  to  which  the  relations  of  differ- 
ent bodies  are  fubjedi.  The  late  Mr.  Geoffroy,  one  of  the  beft 
Chymifts  we  have  had,  being  convinced  of  the  advantages 
which  all  who  cultivate  Chymiftry  would  receive  from  hav- 
ing conftantly  before  their  eyes  a  ftate  of  the  beft  afcertained 
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relations  between  the  chief  agents  in  Chymiflry,  was 
the  firft  who  undertook  to  reduce  them  into  order,  and  unite 
them  all  in  one  point  of  view,  by  means  of  a  table.  We 
are  of  opinion,  with  that  great  man,  that  this  Table  will  be 
of  confiderable  ufe  to  fuch  as  are  beginning  to  ftudy  Chy- 
tniftry,  in  helping  them  to  form  a  jnft  idea  of  the  relations 
which  different  fubftances  have  with  one  another;  and  that 
the  practical  Chymiil  will  thereby  be  enabled  to  account  for 
What  paffes  in  feveral  of  his  operations,  otherwife  difficult  to 
be  underftood,  as  well  as  to  judge  what  may  be  expected  to 
refult  from  mixtures  of  different  compounds.  Thefe  reafons 
have  induced  us  to  infert  it  at  the  end  of  this  Elementary 
Treatife,  and  to  give  a  fliort  explanation  of  it  here  ;  efpeci- 
ally  as  it  will  ferve,  at  the  fame  time,  for  a  recapitulation  of 
the  whole  work,  in  which  the  feveral  axioms  of  this  Table 
are  difperfed. 

You  have  it  here  juft  as  it  was  drawn  up  by  Mr.  GeofFroy, 
without  any  addition  or  alteration.  I  own,  however,  that 
it  might  be  improved  both  ways  :  for  fince  the  death  of  that 
great  Chymifl  many  experiments  have  been  made,  fome  of 
which  have  difcovered  new  affinities,  and  others  have  raifed 
exceptions  to  fome  of  thofe  laid  down  by  him.  But  feveral 
reafons  difiuade  me  from  publifhing  a  new  Table  of  Affini- 
ties, containing  all  the  emendations  and  innovations  that 
might  be  made  in  the  old  one. 

The  firft  is,  that  many  of  the  affinities  lately  difcovered 
are  not  yet  fufficiently  verified,  but,  on  the  contrary,  fub- 
je£fc  to  be  contefted  :  in  fhort,  they  are  perhaps  liable 
to  more  confiderable  objections,  and  exceptions,  than  the 
other. 

The  fecond  is,  that  as  Mr.  Geoffrey's  Table  contains  all 
the  fundamental  affinities,  it  is  more  fuitable  to  an  Elemen- 
tary Treatife  than  a  much  fuller  one  would  be;  feeing  this 
would  neceflarily  fuppofe  the  knowledge  of  many  things  not 
treated  of  by  us,  and  of  which  it  was  not  proper  to  fay  any 
thing  in  fuch  a  book  as  this. 

However,  as  it  is  eflential  to  our  purpofe  that  we  lead 
none  into  error,  we  (hail  take  care  in  explaining  the  affini- 
ties delivered  by  Mr.  GeofFroy,  to  mention  the  principal 
objections  and  exceptions  to  which  they  are  liable :  we 
mall,  moreover,  add  a  very  few  new  ones,  confining  ourfelves 
to  fuch  only  as  are  elementary  and  well  afcertained. 

The  upper  line  of  Mr.  Geoffrey's  Table,  comprehends 
feveral  fubftances  ufed  in  Chymiflry.  Under  each  of  thofe 
fubftances  are  ranged  in  diflincl  columns  feveral  mat- 
ters compared  with  them,  in  the  order  of  their  relation  to 

tha| 
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that  firft  fubftance  ;  fo  as  that  which  is  the  neareft  to  it  is 
that  which  hath  the  greateft  affinity  with  it,  or  that  which 
none  of  the  fubftances  ftanding  below  it  can  feparate  there- 
from ;  but  which,  on  the  contrary,  feparates  them  all  when 
they  are  combined  with  it,  and  expels  them  in  order  to  join 
itfelf  therewith.  The  fame  is  to  be  underflood  of  that  which 
occupies  the  fecond  place  of  affinity,  that  is,  it  has  the  fame 
property  with  regard  to  all  below  it,  yielding  only  to  that 
which  is  above  it :  and  fo  of  all  the  red. 

At  the  top  of  the  firft  column  Hands  the  character  which 
denotes  an  Acid  in  general.  Immediately  under  this  (lands 
the  mark  of  a  Fixed  Alkali,  being  placed  there  as  the  fub- 
fhnce  which  has  the  greateft  affinity  with  an  Acid.-  After 
the  Fixed  Alkali  appears  the  Volatile  Alkali,  whofe  affinity 
with  Acids  yields  only  to  the  Fixed  Alkali.  Next  come  the 
Abforbent  Earths;  and  laft  of  all  Metallic  Subftances. 
Hence  it  follows,  that  when  a  Fixed  iUkali  is  united  with 
an  acid  it  cannot  be  feparated  therefrom  by  any  other  fub- 
ftance; that  a  Volatile  Alkali  united  with  an  Acid  cannot 
be  feparated  from  it  by  any  thing  but  a  Fixed  Alkali ;  that 
an  Abforbent  Earth  combined  with  an  acid  may  be  feparated 
from  it  either  by  a  Fixed  or  by  a  Volatile  Alkali ;  and  laflly, 
that  any  Metallic  Subitance  combined  with  an  Acid  may  be 
feparjted  from  it  by  a  Fixed  Alkali,  a  Volatile  Alkali,  or  an 
Abforbent  Earth. 

There  are  many  important  remarks  to  be  made  on  this 
firft  column.  Firft,  it  is  making  the  rule  too  general  to  fay 
that  any  Acid  whatever  has  a  greater  affinity  with  a  Fixed 
Alkali,  than  with  any  other  fubftance.  And  indeed  Mr. 
Geoffroy  himfelf  hath  made  an  exception  with  refpe£t  to  the 
Vitriolic  Acid ;  for  in  the  fourth  column,  at  the  head  of 
which  ftands  that  Acid,  we  find  the  fign  of  the  Phlogifton 
placed  above  that  of  the  Fixed  Alkali,  as  having  a  greater 
affinity  than  the  Fixed  Alkali  with  the  Vitriolic  Acid.  This 
is  founded  on  the  famous  experiment,  wherein  Vitriolated 
Tartar  and  Glauber's  Salt  are  decompounded  by  means  of 
the  Phlogifton,  which  feparates  the  Fixed  Alkalis  of  thefe 
Neutral  Salts,  and  uniting  with  the  Vitriolic  Acid  contained 
in  them  forms  therewith  a  Sulphur. 

Secondly,  Nitre  deflagrates,  and  is  decompofed,  by  the 
contact  of  any  inflammable  matter  whatever  that  is  actually 
ignited  ;  and  the  operation  which  produces  Phofphorus  is  no 
other  than  a  decomposition  of  fea-falt,  whofe  Acid  quits  its 
Alkaline  bafis  to  join  with  the  Phlogifton  :  now  thefe  facts 
furnifh  very   ftrong   reafens  for   believing   tbut  both   thefe 
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Acids,  as  well  as  the  Vitriolic,  have  a  ftronger  affinity  with 
the  Phlogifton  than  with  a  Fixed  Alkali.  Laftly,  as  feveral 
experiments  (hew  the  Vegetable  Acids  to  be  only  the  Mine- 
ral Acids  difguifed  and  mortified,  there  are  iufficient  grounds 
for  fufpecling  that  Acids  in  general  have  a  greater  affinity 
with  the  Phlogifton  than  with  Fixed  Alkalis  :  fo  that  inftead 
of  making  »an  exception  with  regard  to  the  Vitriolic  Acid, 
it  would  perhaps  be  better  to  lay  down  this  greater  affinity 
as  common  to  all  Acids  whatever,  and  to  place  the  Phlogi- 
fton in  the  firft  column,  immediately  under  the  character 
which  denotes  an  Acid  in  general.  This  theory,  however, 
Hands  in  need  of  confirmation  from  other  experiments  *. 

Thirdly,  in  this  fame  column  the  character  of  a  Volatile 
Alkali  is  fet  above  that  of  an  Abforbent  Earth,  as  having  a 
greater  affinity  with  Acids ;  and  yet  thefc  Abforbent  Earths 
decompofe  the  Ammoniacal  falts,  drive  away  the  Volatile 
Alkali  from  the  Acids,  and  aflume  its  place.  This  is  one 
of  the  firft  objections  made  againft  Mr.  Geoffroy's  Table. 
His  anfwer  thereto  is  printed  in  the  Memoirs  of  the  Acade- 
my of  Sciences  for  171 8,  where  his  Table  alfo  is  to  be 
found.  We  have  already  declared  our  opinion  about  this 
matter  in  treating  of  a  Volatile  Alkali. 

Fourthly,  in  1744,  Mr.  Geoffroy,  brother  to  the  author 
of  the  Table,  who  hath  done  no  lefs  honour  to  Chymiftry 
than  that  eminent  phyfician,  gave  in  a  Memoir  containing 
an  exception  to  the  laft  affinity  in  the  firft  column  ;  namely, 
that  which  places  Abforbent  Earths  above  Metallic  fubftan- 
ces.  He  therein  fliew; ,  that  Alum  may  be  converted  into 
Copperas  by  boiling  it  in  iron  veilels ;  that,  on  this  occafion, 
the  iron  precipitates  the  Earth  of  the  Alum,  feparates  it 
from  its  Acid,  and  aflumes  its  place  j  fo  that  of  courfe  it 
mult  have  a  greater  affinity,  than  the  Abforbent  Earth  of 
Alum,  with  the  Vitriolic  Acid. 

At  the  head  of  the  fecond  column  ftands  the  character  of 
the  Marine  Acid,  which  fignifies  that  the  affinities  of  this 
Acid  are  the  fubjeft  of  the  column.  Immediately  below  it 
is  placed  the  mark  of  Tin.  As  this  is  a  metalline  fubftance, 
and   as  the  firft  column  places  metalline  fubftances  in  the 


*  Mr.  Margraaf,  an  able  German  Chymift,  has  made  feveral  experiments, 
Which  induce  him  to  think  that  the  Acid  of  Phofphorus  is  of  a  particular 
kind,  and  different  from  that  of  fea-falt.  May  it  not  be  the  Marine  Acid, 
but  altered  by  the  union  it  has  contracted  with  the  Phlogifton  I  Or  mayit 
not  be,  with  refpecl:  to  Phofphorus,  what  the  volatile  ftilphureous  ipirit  is, 
with  refpecf  to  Sulphur?  See  the  Memoirs  of  the  Royal  Academy  of  Scien- 
ces ef  Befits. 
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loweft  degree  of  affinity  with  all  Acids,  it  is  plain  we  mud 
fuppofe  Fixed  Alkalis,  Volatile  Alkalis,  and  Abforbent 
Earths,  to  be  placed  here  in  order  after  the  Marine  Acid, 
and  before  fin.  Tin,  then,  is  of  all  Metalline  fubftances 
that  which  has  the  greateft  affinity  with  the  Marine  Acid  ; 
and  then  follow  Regulus  of  Antimony,  Copper,  Silver, 
Mercury.  Gold  comes  laft  of  all  ;  and  there  are  no  lefs 
than  two  vacant  places  above  it.  By  this  means  it  is  in  fome 
fort  excluded  from  the  rank  of  fubftances  that  have  an  affini- 
ty with  the  Marine  Acid.  The  reafon  thereof  is,  that  this 
Acid  alone  is  not  capable  of  dilTolving  Gold  and  combining 
therewith,  necefiarily  requiring  for  that  purpofe  the  aid  of 
the  Nitrous  Acid,  or  at  leaft  of  the  Phlogifton. 

The  third  column  exhibits  the  affinities  of  the  Nitrcu3 
Acid,  the  character  whereof  ftands  at  its  head.  Immedi- 
ately below  it  is  the  fign  of  Iron,  as  the  metal  which  has  the 
greateft  affinity  with  this  Acid ;  and  then  follow  other  me- 
tals, each  according  to  the  degree  of  its  relation ;  to  wit, 
Copper,  Lead,  Mercury,  and  Silver.  In  this  column,  as 
in  the  preceding  one,  we  muft  fuppofe  the  fubftances,  which 
in  the  firft  column  flail d  above  Metallic  fubftances,  to  be 
placed  in  their  proper  order  before  Iron. 

The  fourth  column  is  intended  to  reprefent  the  Affinities 
of  the  Vitriolic  Acid.  Here  Mr.  Geoffroy  has  placed  the 
Phlogifton  as  the  fubftance  which  has  the  greateft  affinity 
with  this  Acid,  for  the  reafon  given  in  our  explanation  of 
the  firft  column.  Below  it  he  has  ranked  Fixed  Alkalis, 
Volatile  Alkalis,  and  Abforbent  Earths,  to  fhew  that  this  is 
an  exception  to  the  firft  column.  As  to  MefalJine  fubftan- 
ces, he  has  fet  down  but  three,  being  thofe  with  which  the 
Vitriolic  Acid  has  the  molt  perceptible  affinity  :  thefe  metals, 
placed  in  the  order  of  their  affinities,  are  Iron,  Copper,  and 
Silver. 

The  fifth  column  (hews  the  affinities  of  Abforbent  Earths. 
As  thefe  Earths  have  no  fenfible  affinity  but  with  Acids,  this 
column  contains  only  the  characters  of  the  Acids  ranked 
according  to  the  degree  of  their  ftrength,  or  affinity  with  the 
Earths  ;  to  wit,  the  Vitriolic,  the  Nitrous,  and  the  Marine 
Acids.  Underneath  this  laft  might  be  placed  the  Acid  of 
Vinegar,  or  the  Vegetable  Acid. 

The  fixth  column  expreftes  the  Affinities  of  Fixed  Alka- 
lis with  Acids,  which  are  the  fame  with  thofe  of  Abforbent 
Earths.  Moreover,  we  find  Sulphur  placed  here  below  all 
the  Acids  ;  becaufe  Liver  of  Sulphur,  which  is  a  combina- 
tion of   Sulphur  with  a  Fixed  Alkali,  is  actually  dccom- 

Q_2  pounded 
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pounded  by  any  Acid :  for  any  Acid  precipitates  the  Sulphur 
and  unites  with  the  Alkali. 

Immediately  over  the  Sulphur,  or  in  the  fame  fquare  with 
it,  might  be  fet  a  mark  denoting  the  Volatile  Sulphureous 
Spirit;  becaufe,  like  Sulphur,  it  has  lefs  affinity  than  any 
other  Acid  with  Fixed  Alkalis.  Oils  rnij^ht  alfo  be  ranked 
with  Sulphur,  becaufe  they  unite  with  Fixed  Alkalis,  and 
therewith  form  Soaps,  which  are  decompounded  by  any  tcid 
whatever. 

The  feventh  column  points  out  the  affinities  of  Volatile 
Alkalis,  which  are  likewife  the  fame  as  thofe  of  Abforbent 
Earths;  and  the  Vegetable  Aci.d  might  be  placed  here  alfo 
under  the  Marine  Acid. 

The  eighth  column  fpecifies  the  affinities  of  Metallic  fub- 
ftances with  Acids.  The  affinities  of  the  Acids,  which, 
with  refpe£t.  to  Fixed  Alkalis,  Volatile  Alkalis,  and  Abfor- 
bent Earths,  fucceeded  each  other  uniformly,  do  not  appear 
in  the  fame  order  here.  The.  Marine  Acid,  inftead  of  be- 
ing placed  below  the  Vitriolic  and  Nitrous  Acids,  ftands,  on 
the  contrary,  at  their  head;  becaufe,  in  fac"t,  this  Acid  fepa- 
rates  Metalline  fubftances  from  all  the  other  Acids  with  which 
they  happen  to  be  united,  and,  forcing  thefe  Acids  to  quit 
poffeffion,  intrudes  into  their  place.  Neverthelefs,  this  is 
not  a  general  rule;  for  feveral  Metalline  fubftances  muft  be 
excepted,  particularly  Iron  and  Copper. 

The  ninth  column  declares  the  affinities  of  Sulphur  Fix- 
ed Alkalis,  Iron,  Copper,  Lead,  Silver,  Regulus  of  An- 
timony, Mercury,  and  Gold,  ftand  below  it  in  the  order  of 
their  affinities.  With  regard  to  Gold  it  muft  be  obferved, 
that  it  will  not  unite  with  pure  Sulphur:  it  fuffers  itfelf  to 
be  diflblved  only  by  the  Liver  of  Sulphur,  which  is  known 
to  be  a  competition .of  Sulphur  and  Fixed  Alkali. 

At  the  head  of  the  tenth  column  appears  Mercury,  and 
beneath  it  feveral  Metalline  fubftances,  in  the  order  of  their 
affinities  with  it.  Thofe  Metalline  fubftances  are  Gold,  Sil- 
ver, Lead,  Copper,  Zinc,  and  Regulus  of  Antimony. 

It  is  proper  to  remark  on  this  column,  that  Rtgulus  of  An- 
timony, which  ftands  the  ioweft,  unites  but  very  imperitrc~t- 
ly  with  Mercury ;  and  that  after  a  feeming  union  of  thefe 
two  Metallic  fubftances  hath  been  obtained,  by  a  tedious  tri- 
ture  with  the  addition  of  water,  they  do  not  continue  long 
united,  but  fpontaneoufly  feparate  from  each  other  in  a  fhort 
time.  Iron  and  Tin  are  here  excluded;  the  former  with. 
great  reafon,  becaufe  hitherto  it  hath  not  been  clearly  proved, 
by  any  known  experiment,  that  ever  Mercury  was   united 

with 
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with  Iron :  but  the  fame  objection  cannot  be  mr.de  to  Tin, 
which  amalgamates  very  well  with  Mercury,  and  might 
therefore  be  placed  in  this  column  nearly  between  Lead  and 
Copper.  I  ufe  the  word  nearly^  becaufe  the  different  de- 
grees of  affinity  between  Metalline  fubftances  and  Mercury 
are  not  fo  exactly  determined,  as  the  other  relations  before 
considered ;  feeing  they  generally  unite  with  it,  without  ex^ 
eluding  one  another.  We  can  therefore  fcarce  judge  of  the 
degree  of  affinity  that  belongs  to  each,  but  by  the  greater  or 
Jefs  readinefs  of  each  to  amalgamate  therewith. 

The  eleventh  column  fhews,  that  Lead  has  a  greater  afHr 
nity  with  Silver  than  with  Copper. 

The  twelfth,  that  Copper  has  a  greater  affinity  with  Mer- 
cury than  with  Calamine. 

The  thirteenth,  that  Silver  has  a  greater  affinity  with  Lead 
than  with  Copper. 

The  fourteenth  contains  the  affinities  of  Iron.  Regulus 
of  Antimony  (lands  immediately  underneath  it,  as  being  the 
Metallic  fubftance  which  has  the  greatefl  affinity  with  it. 
Silver,  Copper,  and  Lead,  are  placed  together  in  the  next 
fquare  below,  becaufe  the  degrees  of  affinity  which  thofe  me- 
tals have  with  Iron  are  not  exactly  determined. 

The  fame  is  to  be  faid  of  the  fifteenth  column  :  Regulus 
of  Antimony  (lands  at  its  head ;  Iron  is  immediately  below 
it ;  and  below  the  Iron  the  fame  three  metals  occupy  on? 
fquare  as  before. 

Laftly,  the  fixteenth  column  indicates  that  Water  has  % 
greater  affinity  with  Spirit  of  Wine  than  with  Salts.  By  thia 
general  expreffion  mud  not  be  underftood  any  Saline  fub- 
france  whatever  ♦,  but  only  the  Neutral  Salts,  which  Spirit  o£ 
Wine  frees  from  the  water  that  kept  them  in  folution.  Fix- 
ed Alkalis,  on  the  contrary,  as  well  as  the  Mineral  Acids, 
have  a  greater  affinity  than  Spirit  of  Wine  with  water :  fo 
that  thefe  Saline  fubftances,  being  well  dephlegmated,  an4 
mixed  with  Spirit  of  Wine,  imbibe  the  water  it  contains  and 
rectify  it. 

To  thefe  might  be  added  another  fhort  column,  having 
Spirit  of  Wine  at  its  head :  immediately  below  it  fhould  be 
the  chara&cr  of  Water$  and  below  that  the  mark  of  OiL 
This  column  would  (hew  that  the  Spirit  of  Wine  has  a  great- 
er affinity  with  Water  than  with  Oils ;  becaufe  any  Oily 
matter  whatever,  that  is  diflblved  in  Spirit  of  Wine,  may  be 
actually  feparnted  from  it  by  the  affufipn  of  Water.  This 
rule  admits  of  no  exception  but  in  one  cafe;  which  is  when 
the  oily  f« ibftance  partakes  of  the  nature  of  foap,  by  having 
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contracted  an  union  with  fome  faline  matter.  But  as  this 
muft  be  imputed  wholly  to  that  adventitious  faline  matter 
being  fuperadded  to  the  oily  fubftance,  it  is  no  juft  founda- 
tion for  an  exception,  and  the  affinity  in  queftion  is  never- 
thelefs  general. 

We  have  now  delivered  every  thing  material  that  we  had 
to  fay  concerning  Mr.  Geoffroy's  Table  of  Affinities.  It  is, 
as  we  obferved  before,  of  exceeding  great  fervice,  as  it  col- 
lects into  one  view  the  principal  truths  laid  down  in  this 
Treatife.  Indeed  the  moft  advantageous  way  of  ufing  it  is, 
not  to  delay  confulting  it  till  you  have  read  the  book  through, 
but  to  turn  to  it  while  you  are  reading,  as  oft  as  any  affinity 
between  bodies  is  treated  of;  which  it  will  imprint  more 
ftrongly  on  your  mind,  by  reprefenting  it  in  a  manner  before 
your  eyes. 


CHAP.      XVIII. 

The  Theory  of  Constructing  the  Vessels  moft 
commonly  ufed  in  Chymistry. 

CHYMISTS  cannot  perform  the  operations  of  their 
art  without  the  help  of  a  confiderable  number  of  vef- 
fels,  inftruments,  and  furnaces,  adapted  to  contain  the  bo- 
dies on  which  they  intend  to  work,  and  to  apply  to  them  the 
feveral  degrees  of  heat  required  by  different  procefles.  It  is 
therefore  proper,  before  we  advance  to  the  operations  them- 
felves,  to  confider  particularly  and  minutely  what  relates  to 
the  inftruments  with  which  they  are  to  be  performed. 

Veflels  intended  for  Chymical  Operations  fliould,  to  be 
perfect,  be  able  to  bear,  without  breaking,  the  fudden  appli- 
cation of  great  heat  and  great  cold ;  be  impenetrable  to  eve- 
ry thing,  and  unalterable  by  any  folvent;  unvitrifiable,  and 
capable  of  enduring  the  moft  violent  fire  without  melting  : 
but  hitherto  no  veflels  have  been  found  with  all  thefe  quali- 
ties united. 

They  are  made  of  fundry  materials ;  namely,  ot  metal, 
of  glafs,  and  of  earth.  Metalline  veflels,  efpecnlly  thofe 
made  of  Iron  or  Copper,  are  apt  to  be  corroded  by  almofl 
every  faline,  oily,  or  even  aqueous  fubftance.  For  this  rea- 
fon,  in  order  to  render  the  ufe  of  them  a  little  more  exten- 
five,  they  are  tinned  on  the  infide.     But,  notwitnftandmg 

this 
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this  precaution,  they  are  on  many  occafions  not  to  be  truft- 
ed ;  and  fhould  never  be  employed  in  any  nice  operations 
which  require  great  accuracy  :  they  are,  moreover,  incapable 
of  refilling  the  force  of  fire. 

Earthen  vefTels  are  of  feveral  forts.  Some,  that  are  made 
of  a  refractory  earth,  are  capable  of  being  fuddenly  expofed 
to  a  ftrong  fire  without  breaking,  and  even  of  fuftaining  a 
great  degree  of  heat  for  a  considerable  time :  but  they  gene- 
rally fuffer  the  vapours  of  the  matters  which  they  contain,  as 
well  as  vitrified  metals,  to  pafs  through  them,  efpecially  the 
glafs  of  lead,  which  eafily  penetrates  them  and  runs  through 
their  pores  as  through  a  fieve.  There  are  others  made  of  an 
earth  that,  when  well  baked,  looks  as  if  it  were  half  vitri- 
fied: thefe  being  much  lefs  porous,  are  capable  of  retain- 
ing the  vapours  of  the  matters  which  they  contain,  and 
even  glafs  of  lead  in  fufion ;  which  is  one  of  the  fevered  tri- 
als a  vefTel  can  be  put  to :  but  then  they  are  more  brittle 
than  the  other  fort. 

Good  glafs  vefTels  mould  conftantly  be  employed  in  pre- 
ference to  all  others,  whenever  they  can  poffibly  be  ufed  : 
and  that  not  only  becaufe  they  are  no  way  injured  by  the 
moft  active  folvents,  nor  fuffer  any  part  of  what  they  con- 
tain to  pafs  through,  but  alfo  becaufe  their  tranfparency  al- 
lows the  Chymifl  to  obferve  what  pafTes  within  them :  which 
is  always  both  curious  and  ufeful.  But  it  is  pity  that  vefTels 
of  this  fort  fliould  not  be  able  to  endure  a  fierce  fire  without 
melting.  We  mall  take  care,  when  we  come  to  defcribe  the 
feveral  forts  of  chymical  inftruments,  and  the  manner  of  uf- 
ing  them,  to  note  what  vefTels  are  to  be  preferred  to  others 
on  different  occafions. 

Diftillation,  as  hath  been  already  faid,  is  an  operation  by 
wbich  we  feparate  from  a  body,  by  the  help  of  a  gradual 
heat,  the  feveral  principles  of  which  it  confifts. 

There  are  three  methods  of  diflilling.  The  firft  is  per- 
formed by  applying  the  heat  over  the  body  whofe  principles 
are  to  be  extracted.  In  this  cafe,  as  the  liquors,  when  heat- 
ed and  converted  into  vapours,  conftantly  endeavour  to  fly 
from  the  center  of  heat,  they  are  forced  to  re-unite  in  the 
lower  part  of  the  vefTel,  that  contains  the  matter  in  diftilla- 
tion, and  fo  pafling  through  the  pores  or  holes  of  that  vefTel, 
they  fall  into  another  cold  vefTel  applied  underneath  to  re- 
ceive them.  This  way  of  diflilling  is  on  this  account  called 
diftilling  per  Defcenfum.  It  requires  no  other  apparatus 
than  two  vefTels  figured  like  fegments  of  hollow  iphcres, 
whereof  that  which  is  pierced  with  little  holes,  and  intended 
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to  contain  the  matter  to  be  diftilled,  fhould  be  much  lefs 
than  the  other,  which  is  to  contain  the  fire,  and  to  fill  its  a- 
perture  exactly ;  the  whole  together  to  be  fupported  vertical- 
ly upon  a  third  veflel,  which  is  to  ferve  the  purpofe  of  a-  re- 
cipient, admitting  into  its  mouth  the  convex  bottom  of  the 
veflel  containing  the  matter  to  be  diftilled,  which  muft  accu- 
rately fill  it.     This  method  of  diililling  is  but  Tittle  ufed. 

The  iecond  method  of  diftilling  is  performed  by  applying 
the  heat  underneath  the  matter  to  be  decompofed.  On  this 
occafioh  the  liquors  being  heated,  rarefied,  and  converted 
into  vapours,  rife,  and  are  condenfed  in  a  veflel  contrived 
for  that  purpofe,  which  we  fhall  prefently  defcribe.  This 
way  of  diftilling  is  called  diililling  per  Afcenfum,  and  is 
much  ufed. 

The  veflel  in  which  this  diftillation  per  Afcenfttm  is  per- 
formed We  call  ah  Alembic. 

There  are  feveral  forts  thereof,  differing  from  one  another 
both  in  the  matter  of  which*  and  the  manner  in  which,  they 
are  made. 

Thofe  employed  to  draw  the  odoriferous  waters  and  eflen- 
tial  oils  of  plants  are  generally  made  of  copper,  and  confiit 
of  feveral  pieces.  The  firifj  which  is  defigned  to  contain 
the  plant,  is  formed  nearly  like  a  hollow  cone,  the  vertex 
whereof  is  drawn  out  in  the  fhape  of  a  hollow  cylinder  or 
tube  :  this  part  is  named  the  Cucurbit,  and  its  tube  the  Neck 
of  the  Alembic.  To  the  upper  end  of  this  tube  another  vtf- 
fel  is  foldered :  this  is  called  the  Head,  and  commonly  has 
likewife  the  form  of  a  cone,  joined  to  the  neck  of  the  alem- 
bic by  its  bale*  round  which*  on  the  infide,  is  hollowed  a 
fmall  groove,  communicating  with  an  orifice  that  opens  at  its 
mod  depending  part.  To  this  orifice  is  foldered  a  fmall  pipe 
in  a  direction  Hoping  downwards,  which  is  called  the  Nofe, 
Spout,  or  Beak  of  the  alembic. 

As  foon  as  the  matters  contained  in  the  alembic  grow  hot, 
vapours  begin  to  arife  from  them,  and  afcending  through  the 
neck  of  the  alembic  into  the  head,  are  by  the  fides  thereof 
flopped  and  condenfed :  from  thence  they  trickle  down  in 
little  ftreams  to  the  groove,  which  conveys  them  to  the  fpout; 
and  by  that  they  pais  out  of  the  alembic  into  a  glafs  veflel 
with  a  long  neck,  the  end  of  the  fpout  being  introduced  into 
that  neck,  and  luted  thereto. 

To  facilitate  the  refrigeration  and  condenfation  of  the  va- 
pours circulating  in  the  head,  all  alembics  of  metal  are  more- 
over provided  with  another  piece,  which  is  a  kind  of  large 
pan  of  the  fame  metal,  fitted  and  foldered  round  the  bead. 
i  This 
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"This  piece  ferves  to  keep  cold  water  in,  which  inceffantly 
cools  the  head,  and  therefore  it  is  called  the  Refrigeratory. 
•The  water  in  the  refrigeratory  itfelf  grows  hot  after  fome 
time,  and  muft  therefore  be  changed  occafionally  ;  the  heat- 
ed water  being  firft  drawn  off  by  means  of  a  cock  fixed  near 
the  bottom  of  the  refrigeratory.  All  copper  alembics  mould 
be  tinned  on  the  infide  for  the  reafons  already  given. 

When  faline  fpirits  are  to  be  diftilled,  alembics  of  metal 
muft  not  be  ufed;  becaufe  the  faline  vapours  would  corrode 
them.  In  this  cafe  recourfe  muft  be  had  to  alembics  of  glafs. 
Thefe  confift  of  two  pieces  only ;  namely,  a  Cucurbit,  whofe 
fuperior  orifice  is  admitted  into  and  exattly  luted  with  its 
Head,  which  is  the  fecond  piece. 

In  general,  as  alembics  require  that  the  Vapours  of  the 
matter  to  be  diftilled  fhould  rife  to  a  confiderable  heighth,  they 
ought  to  be  ufed  only  when  the  moft  volatile  principles  are 
to  be  drawn  from  bodies  :  and  the  lighter  and  more  volatile 
the  fubftances  to  be  feparated  by  diftillatiori  are,  the  taller 
muft  the  alembic  be ;  becaufe  the  moil  ponderous  parts,  be- 
ing unable  to  rife  above  a  certain  heighth,  fall  back  again 
into  the  cucurbit  as  foon  as  they  arrive  there,  leaving  th£ 
lighter  to  mount  alone,  whofe  volatility  qualifies  them  to  af- 
cend  into  the  head. 

When  a  matter  is  to  be  diftilled,  that  requires  a  very  tall 
alembic,  and  yet  does  not  admit  of  a  metalline  veiTel,  the 
end  will  be  belt  anfwered  by  a  glafs  vefTel  of  a  round  or  oval 
fhape,  having  a  very  long  neck,  with  a  fmall  head  fitted  to 
its  extremity.  Such  a  vefTel  ferves  many  purpofes  :  it  is 
fometimes  employed  as  a  receiver,  and  at  other  times  as  a 
digefting  vefTel ;  on  which  laft  occafion  it  goes  under  the 
name  of  a  Matrafs.  When  one  of  thefe,  provided  with  a 
head,  is  applied  to  the  purpofe  of  diftiliing,  it  forms  a  fort  of 
alembic. 

There  are  fome  alembics  of  glafs,  blown  in  fuch  a  man- 
ner by  the  workmen,  that  the  body  and  head  form  but  one 
continued  piece.  As  thefe  alembics  do  not  ftand  in  need  of 
having  their  feveral  pieces  luted  together,  they  are  very  ufe- 
ful  on  fome  occafions,  when  fuch  exceeding  fubtile  vapours 
rife  as  are  capable  of  tranfpiring  through  lutes.  The  head 
muft  have  an  aperture  at  the  top,  provided  with  a  fhort  tube, 
through  which,  by  means  of  a  funnel  with  a  long  pipe,  the 
matter  to  be  diftilled  may  be  introduced  into  the  cucurbit. 
This  is  to  be  exactly  clofcd  with  a  glafs  ftopple,  the  furface 
whereof  muft  be  made  to  fit  the  infide  of  the  tube  in  every 
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point,  by  rubbing  thofe  two  pieces  well  together  with  e- 
mery. 

Another  fort  of  alembic  hath  alfo  been  invented,  which 
may  be  ufed  with  advantage  when  Cobobation  is  required  ; 
that  is,  when  the  liquor  obtained  by  diftillation  is  to  be  return- 
ed upon  the  matter  in  the  cucurbit ;  and  efpecially  when  it  is 
intended  that  this  cohobation  mail  be  repeated  a  great  num- 
ber of  times.  The  veflel  we  are  fpeaking  of  is  conftru£r.ed 
exactly  in  the  fame  manner  as  that  laft  defcribed ;  except 
that  its  beak,  inftead  of  being  in  a  ftraight  line,  as  in  the 
other  alembics,  forms  a  circular  arch,  and  re-enters  the 
cavity  of  the  cucurbit,  in  order  to  convey  back  again  the  li- 
quor collected  in  the  head.  This  inftrument  hath  common- 
ly two  beaks  oppofite  to  each  other,  both  turned  in  this  man- 
ner, and  is  called  a  Pelican :  it  faves  the  artift  the  trouble  of 
frequently  unluting  and  reluting  his  veflels,  as  well  as  the 
lofs  of  a  great  many  vapours. 

There  are  certain  fubftances  which  in  diftillation  afford 
matters  in  a  concrete  form,  or  rife  wholly  in  the  form  of  a 
very  light  powder,  called  Flowers.  When  fuch  fubftances 
are  to  be  diflilled,  the  cucurbit  which  contains  them  is  co- 
vered with  a  head  without  a  nofe,  which  is  named  a  Blind- 
head. 

When  the  flowers  rife  in  great  quantities  and  very  high,  a 
number  of  heads  is  employed  to  collect  them  ;  or  rather  a 
number  of  a  kind  of  pots,  confifting  of  a  body  only  without 
any  bottom,  which  fitting  one  into  the  other  form  a  canal, 
that  may  be  lengthened  or  {honened  at  pleafure,  according 
as  the  flowers  to  be  fublimed  are  more  or  lefs  volatile.  The 
laft  of  the  heads,  which  terminates  the  canal,  is  quite  clofe 
at  one  end,  and  makes  a  true  blind-head  Thefe  veflels  are 
called  Aludeh ;  they  are  ufually  of  earthen  or  flone  Ware. 

All  the  veflels  above-mentioned  are  fit  only  for  diftilling 
fuch  light  volatile  matters  as  can  be  eafily  raifed  and  brought 
over;  fuch  as  phlegm,  effential  oils,  fragrant  waters,  acid 
oily  fpirits,  volatile  alkalis,  6r.  But  when  the  point  is  to 
procure  by  diftillation  principles  that  are  much  lefs  volatile, 
and  incapable  of  riling  high,  fuch  as  the  thick  fetid  oils,  the 
vitriolic,  the  nitrous,  and  the  marine  acids,  fee.  we  are  un- 
der a  neceffity  of  having  recourfe  to  other  veflels,  and  ano- 
ther manner  of  diftilling. 

It  is  eafy  to  imagine,  that  fuch  a  veffel  muft  be  much  low- 
er than  the  alembic.  It  is  indeed  no  more  than  a  hollow 
globe,  whofe  upper  part  degenerates  into  a  neck  or  tube,  that 
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is  bent  into  a  horizontal  pofition;  for  which  reafon  this  in- 
strument is  called  a  Retort :  it  is  always  of  one  fingle  piece. 

The  matter  to  be  diftilled  is  introduced  into  the  body  of 
the  retort  by  means  of  a  ladle  with  a  long  tubular  (hank. 
Then  it  is  fet  in  a  furnace  built  purpofely  for  this  ufe,  and  (o 
that  the  neck  of  the  retort  coming  out  of  the  furnace  may, 
like  the  nofe  of  the  alembic,  ftand  in  a  Hoping  pofition,  to 
facilitate  the  egrefs  of  the  liquors,  which  by  its  means  are 
conveyed  to  a  receiver,  into  which  it  is  introduced,  and  with 
which  it  is  luted.  This  way  of  diftilling,  in  which  the  va- 
pours feem  rather  to  be  driven  out  of  the  veflel  horizontally 
and  laterally,  than  raifed  up  and  fublimed,  is  for  that  reafon 
called  Diftillation  per  Latus. 

Retorts  are,  of  all  the  inftruments  of  diftillation,  thofe  that 
mult  fuftain  the  greateft  heat,  and  refill  the  ftrongeft  fol- 
vents  ;  and  therefore  they  mult  not  be  made  of  metal.  Some, 
however,  which  are  made  of  iron  may  do  well  enough  on 
certain  occafions :  the  reft  are  either  of  glafs  or  earth.  Thofe 
of  glafs,  for  the  reafons  above  given,  are  preferable  to  the 
other  fort,  in  all  cafes  where  they  are  not  to  be  expofed  to 
fuch  a  force  of  fire  as  may  melt  them.  The  bed  glafs,  that 
which  (lands  both  heat  and  folvents  beft,  is  that  in  which 
there  are  feweft  alkaline  falts.  Of  this  fort  is  the  green 
German  glafs:  th^  beautiful  white  cryftal  glafs  is  far  from 
being  equally  ferviceable. 

Retorts,  as  well  as  alembics,  may  be  of  different  forms. 
For  example,  fome  matters  are  apt  to  fwell,  and  rife  over 
the  neck  of  the  retort  in  fubftance,  without  fuffering  any  de- 
compof  tion ;  when  fuch  matters  are  to  be  diftilled  in  a  re- 
tort, it  is  proper  that  the  body  of  the  vefTel,  inftead  of  being 
globular,  be  drawn  out  into  the  form  of  a  pear,  fo  as  nearly 
to  refemble  that  of  a  cucurbit.  In  a  retort  of  this  kind,  the 
di dance  between  the  bottom  and  the  neck  being  much  greater 
than  in  thofe  whofe  bodies  are  fpherical,  the  matters  contain- 
ed have  much  more  room  for  expanfion*,  fo  that  the  incon- 
venience here  mentioned  is  thereby  prevented.  Retorts  of 
this  form  are  called  Engliih  retorts.  As  they  hold  the  mid- 
dle place  between  alembics  and  common  retorts,  they  may 
be  ufed  to  diftil  fuch  matters  as  have  a  mean  degree  of  vola- 
tility between  the  greateft  and  the  lead. 

It  is  moreover  proper  to  have,  in  a  laboratory,  fundry  re* 
torts  with  necks  of  different  diameters.  Wide  necks  will  be 
found  the  fitted  for  conveying  thick  matters, .  and  fuch  as 
readily  become  fixed  ;  for  inftance,  fome  very  thick  fetid  oils, 
butter  of  antimony,  6r.  -,  for  as  thefe  matters  acquire  a  con- 
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fiftersce  as  foon  as  they  are  out  of  the  reach  of  a  certain  de- 
gree of  heat,  they  would  foon  choak  a  narrow  neck,  and  by 
flopping  the  vapours  which  rife  at  the  fame  time  from  the  re-^ 
tort,  might  occafion  the  burfting  of  the  veffels. 

Some  retorts  are  alio  made  with  an  opening  on  their  up- 
per fide,  like  that  of  tubulated  glafs  alembics,  which  is  to  be 
doled  in  the  fame  manner  with  a  glafs  (topple.  Thefe  re- 
torts are  alfo  called  Tubulated  retorts,  and  ought  always  to 
be  ufed  whenever  it  is  neceffary  to  introduce  frefh  matter  in- 
to the  retort  during  the  operation ;  feeing  it  may  be  done  by 
means  of  this  invention,  without  unluting  and  reluting  the 
veiTeis;  which  ought  always  to  be  avoided  as  much  as  pof- 
fible. 

One  of  the  things  that  moft  perplexes  the  Chymifts,  is  the 
prodigious  elafticity  of  many  different  vapours,  which  are 
frequently  difcharged  with  impetuofity  during  the  diftilla- 
tion,  and  are  even  capable  of  burfting  the  veffels  with  explo- 
fion,  and  with  danger  to  the  artift.  On  fuch  occafions  it  is 
abfolutely  neceffary  to  give  thefe  vapours  vent,  as  we  fhall 
direct  in  its  proper  place  :  but  as  that  can  never  be  done 
without  lofmg  a  great  many  of  them  ;  as  fome  of  them  in 
particular  are  fo  elaftic  that  fcarce  any  at  all  would  remain  in 
the  veffel  \  for  inftance,  thofe  of  the  fpirit  of  nitre,  and  efpe- 
cially  thofe  of  the  fmoking  fpirit  of  fait ;  the  practice  is  to  make 
ufe  of  very  large  receivers,  of  about  eighteen  or  twenty  inches 
diameter,  that  the  vapours  may  have  fufBcient  room  to  cir- 
culate in,  and  by  applying  to  the  wide  furface  prefented 
them  by  the  extend ve  infide  of  fuch  a  large  veffel,  may  be 
condenfed  into  drops.  Thefe  huge  receivers  are  commonly 
in  the  form  of  hollow  globes,  and  are  called  Ballons. 

To  give  thefe  vapours  ftill  more  room,  ballons  have  been 
contrived  with  two  open  gullets  in  each,  diametrically  oppo- 
fite  to  one  another ;  whereof  one  admits  the  neck  of  the  re- 
tort, and  the  other  is  received  by  one  of  the  gullets  of  a  fe- 
cond  ballon  of  the  fame  form,  which  is  joined  in  like  man- 
ner to  a  third,  and  fo  on.  By  this  artifice  the  fpace  may  be 
enlarged  at  pleafure.  Thefe  ballons  with  two  necks  are  cal- 
led Adopters. 

Operations  on  bodies  that  are  abfolutely  fixed,  as  metals, 
ilones,  fand,  fyc.  require  only  fuch  veffels  as  are  capable  of 
containing  thofe  bodies,  and  refitting  the  force  of  fire.  Thefe 
veffels  are  little  hollow  pots,  of  different  dimenfions,  which 
are  called  Crucibles.  Crucibles  can  hardly  be  made  of  any 
thing  but  earth ;  they  ought  to  have  a  cover  of  the  fame  ma- 
terial fitted  to  fhut  them  clofe.     The  belt  earth  we  know  is 
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that  whereof  thofe  pots  are  made  in  which  butter  is  brought 
from  Bretagne  :  thefe  pots  themfelves  are  exceeding  good  cru- 
cibles ;  and  they  are  almofl  the  only  ones  that  are  capable 
of  holding  glafs  of  lead  in  fufion,  without  being  penetrated 
by  it. 

For  the  roafling  of  ores,  that  is,  freeing  them,  by  the  help 
of  fire,  from  their  fulphureous  and  arfenical  parts,  little  cups 
of  the  fame  material  with  crucibles  are  ufed  ;  but  they  are 
made  flat,  fhallow,  and  wider,  above  than  below,  that  thefe 
volatile  matters  may  the  more  freely  exhale.  Thefe  veffels 
are  called  Tefls,  or  Scorifien  :  they  are  fcarce  ever  ufed  but 
in  the  Docimaftic  art,  that  is,  in  making  fmall  Affays  of 
ores. 


CHAR       XIX. 

The  Theory  of  Constructing  the  Furnaces  mofi 
commonly  ufed  in  Chymistry. 

SKILL  in  conducting  and  applying  fire  properly,   and 
determining  its  different  degrees*  is  of  very  great  confe- 
quence  to  the  fuccefs  of  Chymical  operations. 

As  it  is  exceeding  difficult  to  govern  and  moderate  the  ac- 
tion of  fire,  when  the  veflels  in  which  any  operation  is  per- 
formed are  immediately  expofed  to  it,  Chymifis  have  con- 
trived to  convey  heat  to  their  veffels,  in  nice  operations, 
through  different  mediums,  which  they  place  occafionally  be- 
tween thofe  veffels  and  the  fire. 

Thofe  intermediate  fubftances  in  which  they  plunge  their 
veffels  are  called  Baths.  They  are  either  fluid  or  folid  :  the 
fluid  baths  are  water  or  its  vapours.  When  the  difliliing 
veffel  is  fet  in  water,  the  bath  is  called  Balneum  Maria,  or 
the  Water  Bath ;  and  the  greater!  degree  of  heat  of  which  it 
is  fufceptible  is  that  of  boiling  water.  "When  the  veffel  is 
expofed  only  to  the  vapours  which  exhale  from  water,  this 
forms  the  Vapour  Bath;  the  heat  of  which  is  nearly  the 
fame  with  that  of  the  Balneum  Maries.  Thefe  baths  are  ufe- 
ful  for  difliliing  effential  oils,  ardent  fpirits,  fweet-fcented 
waters  \  in  a  word,  all  fuch  fubftances  as  cannot  bear  a  great- 
er heat,  without  prejudice  either  to  their  odour,  or  to  fome 
pf  their  other  qualities. 

Baths 
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Baths  may  alfo  be  made  of  any  other  fluids,  fuch  as  oils, 
mercury,  6*c.  which  are  capable  of  receiving  and  communi- 
cating much  more  heat:  but  they  are  very  feldom  ufed. 
When  a  more  confiderable  degree  of  heat  is  required,  a  bath 
is  prepared  of  any  folid  matter  reduced  to  a  fine  powder, 
fuch  as  fand,  afhes,  filings  of  iron,  inc.  The  heat  of  thefe 
baths  may  be  puihed  fo  far  as  to  make  the  bottom  of  the  vef- 
fel  become  faintly  red.  By  plunging  a  thermometer  into  the 
bath,  by  the  fide  of  the  veffel,  it  is  eafy  to  obferve  the  pre- 
cife  degree  of  heat  applied  to  the  fubftance  on  which  you  are 
working.  It  is  neceffary  that  the  thermometers  employed 
on  this  occafion  be  constructed  on  good  principles,  and  fo 
contrived  as  to  be  eafily  compared  with  thofe  of  the  molt  ce- 
lebrated natural  philofophers.  Thofe  of  the  illuftrious  Reau- 
mur are  molt  ufed  and  beft  known,  fo  that  it  would  not  be 
amifs  to  give  them  the  preference.  When  a  greater  heat  is 
required  than  any  of  thofe  baths  can  give,  the  veffels  muff, 
be  fet  immediately  on  live  coals,  or  in  a  flaming  fire  :  this  is 
called  working  with  a  naked  fire ;  and,  in  this  cafe  it  is 
much  more  difficult  than  in  the  other  to  determine  the  de- 
grees of  heat. 

There  are  feveral  ways  of  applying  a  naked  fire.  When 
the  heat  or  flame  is  reflected  upon  the  upper  part  of  a  vefTel 
which  is  expofed  to  the  fire,  this  is  called  a  Reverberated 
heat.  A  Melting  heat  is  that  which  is  ftrong  enough  to 
fufe  moft  bodies.  A  Forging  heat  is  that  of  a  fire  which  is 
forcibly  excited  by  the  conftant  blaft  of  a  pair  of  bellows,  or 
more. 

There  is  alfo  another  fort  of  fire  which  ferves  very  com- 
modioufly  for  may  operations,  becaufe  it  does  not  require  to 
be  fed  or  frequently  mended:  this  is  afforded  by  a  lamp  with 
one  or  more  wicks,  and  may  be  called  a  Lamp-heat.  It  is  . 
fcarce  ever  employed  but  to  heat  baths,  in  operations  which 
require  a  gentle  and  long  continued  warmth  :  if  it  hath  any 
fault,  it  is  that  of  growing  gradually  hotter. 

All  the  different  ways  of  applying  fire  require  Furnaces 
of  different  con  fir  unions  :  we  (hall  therefore  defcribe  fuch 
as  are  of  principal  and  moil  neceffary  ufe. 

Furnaces  muft  be  divided  into  different  parts  or  ftories, 
each  of  which  has  its  particular  ufe  and  name. 

The  lower  part  of  the  furnace,  defigned  for  receiving  the 
allies  and  giving  paffage  to  the  air,  is  called  the  Afh-hole. 
The  afh-hole  is  terminated  above  by  a  grate,  the  ufe  of 
which  is  to  fupport  the  coals  and  wood,  which  are  to  be 
burnt  thereon  :  this  part  is  called  tUe  Fire-place.  The  fire- 
place 
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place  is  in  like  manner  terminated  above  by  feveral  iron  bars, 
which  lie  quite  a-crofs  it  from  right  to  left,  in  lines  parellel 
to  each  other:  the  ufe  of  thefe  bars  is  to  fuftain  the  veflels 
in  which  the  operations  are  to  be  performed.  The  fpace  above 
thefe  bars  to  the  top  of  the  furnace  is  the  upper  (lory,  and 
may  be  called  the  Laboratory  of  the  furnace.  Laftly,  fome 
furnaces  are  quite  covered  above  by  means  of  a  kind  of 
vaulted  roof  called  the  Dome. 

Furnaces  have  moreover  feveral  apertures:  one  of  thefe  is 
at  the  aih-hole,  which  gives  paffage  to  the  air,  and  through 
which  the  afhes  that  fall  through  the  grate  are  raked  out; 
this  aperture  is  called  the  afh-hole  Door :  another  is  at  the 
fire-place,  through  which  the  fire  is  fupplied  with  fuel,  as 
occafion  requires ;  this  is  called  the  mouth  or  door  of  the 
Fire-place,  or  the  Stoke-hole :  there  is  a  third  in  the  upper 
ftory,  through  which  the  neck  of  the  vefTel  pafies;  and  a 
fourth  in  the  dome  for  carrying  of?  the  fuliginofities  of  com- 
bullible  matters,  which  is  called  the  Chimney. 

To  conclude,  there  are  feveral  other  openings  in  the  feve- 
ral parts  of  the  furnace,  the  ufe  whereof  is  to  admit  the  air 
into  thofe  places,  and  alfo,  as  they  can  be  eafily  fhut,  to  in- 
cite or  flacken  the  activity  of  the  fire,  and  fo  to  regulate  it; 
which  has  procured  them  the  title  of  Regifters.  All  the  other 
openings  of  the  furnace  mould  be  made  to  fhut  very  clofe, 
the  better  to  affift  in  governing  the  fire  ;  by  which  means 
they  likewife  do  the  office  of  regifters. 

In  order  to  our  forming  a  juft  and  general  idea  of  the 
conftruction  of  furnaces,  and  of  the  difpofition  of  the  feve- 
ral apertures  in  them,  with  a  view  to  inrreafe  or  diminifh 
the  activity  of  the  fire,  it  will  be  proper  to  lay  down,  as  our 
ground-work,  certain  principles  of  natural  philofophy,  the 
truth  of  which  is  demonftrated  by  experience. 

And  firft,  every  body  knows  that  combuftible  matters  will 
not  burn  or  confume  unlefs  they  have  a  free  communication 
with  the  air;  infomuch  that  if  they  be  deprived  thereof,  even 
when  burning  moft  rapidly,  they  will  be  extinguifhed  at 
once:  that  confequently  combuftion  is  greatly  promoted  by 
the  frequent  acceffion  of  frefh  air,  and  that  a  ftream  of  air, 
directed  fo  as  to  pafs  with  impetuofity  through  burning  fuel, 
excites  the  fire  to  the  greateft  poffible  activity. 

Secondly,  it  is  certain  that  the  air  which  touches,  or  comes 
near  ignited  bodies  is  heated,  rarefied,  and  rendered  lighter 
than  the  air  about  it,  that  is,  farther  diftant  from  the  center 
of  heat ;  and  confequently  that  this  air,  fo  heated  and  be- 
come lighter,  is  neceffarily  determined  thereby  10  afcend  and 

mount 
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mount  aloft,  in  order  to  make  room  for  that  which  is  lefs 
heated  and  not  fo  light,  which  by  its  weight  and  elafticity 
tends  to  occupy  the  place  quitted  by  the  other.  Another 
confequence  hereof  is,  that  if  fire  be  kindled  in  a  place  en- 
clofed  every  where  but  above  and  below,  a  current  of  air 
will  be  formed  in  that  place,  running  in  a  direction  from 
the  bottom  to  the  top;  fo  that  if  any  light  bodies  be  applied 
to  the  opening  below,  they  will  be  carried  up  towards  the 
fire;  but,  on  the  contrary,  if  they  be  held  at  the  opening 
above,  they  will  be  impelled  by  a  force  which  will  drive 
them  up,  and  carry  them  away  from  the  fire. 

Thirdly  and  laflly,  it  is  a  truth  demonftrated  in  hydraulics, 
that  the  velocity  of  a  given  quantity  of  any  fluid,  determin- 
ed to  flow  in  any  direction  whatever,  is  fo  much  the  greater 
the  narrower  the  channel  is  to  which  that  fluid  is  confined ; 
and  confequently  that  the  velocity  of  a  fluid  will  be  increaf- 
ed  by  making  it  run  from  a  wider  through  a  narrower  paf- 

Thefe  principles  being  eilablifhed,  it  is  eafy  to  apply  them 
to  the  conftruction  of  furnaces.  Firft,  if  a  fire  be  kindled 
in  the  fire-place  of  a  furnace,  which  is  open  on  all  fides,  it 
burns  nearly  as  if  it  were  in  the  open  air.  It  has  with  the 
furrounding  air  a  free  communication  ;  fo  that  frefh  air  is 
continually  admitted  to  facilitate  the  entire  combuftion  of  the 
inflammable  matters  employed  as  fuel.  But  there  being  no- 
thing to  determine  that  air  to  pafs  with  rapidity  through  the 
fire  in  this  cafe,  it  does  not  at  all  augment  the  activity  there- 
of, but  fullers  it  to  wafte  away  quietly. 

Secondly,  if  the  afh-hole  or  dome  of  a  furnace,  in  which 
a  fire  is  burning,  be  fhut  quite  clofe,  then  there  is  no  longer 
any  free  communication  between  the  air  and  the  fire:  if  the 
afii-hole  be  fhut,  the  air  is  debarred  from  having  free  accefs 
to  the  fire;  if  the  dome  be  ftopt,  the  egrefs  of  the  air  rare- 
fied by  the  fire  is  prevented  ;  and  confequently  the  fire  .muft 
in  either  cafe  burn  very  faintly  and  ilowly,  gradually  die  a- 
way,  and  at  lafl  go  quite  out. 

Thirdly,  if  all  the  openings  of  the  furnace  be  wholly 
elofed,  it  is  evident  that  the  fire  will  be  very  quickly  extin- 
guished. 

Fourthly,  if  only  the  lateral  openings  of  the  fire-place  be 
fhut,  leaving  the  afh-hole  and  upper  part  of  the  furnace 
open  ;  it  is  plain  that  the  air  entering  by  the  afh-hole  will 
neceffarily  be  determined  to  go  out  at  top,  and  that  confe- 
quently a  current  of  air  will  be  formed,  which  will  pafs 
through  the  fire,  and  make  it  burn  brilklv  and  vigorouily. 

Fifthly* 
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Fifthly,  if  both  the  afh-hole  and  the  upper  flory  of  the 
furnace  be  of  fome  length,  and  form  canals  either  cylindric 
or  prifmatic,  then  thb  air  being  kept  in  the  fame  direction 
through  a  longer  fpace,  the  courfe  of  its  ftream  will  be  both 
ftronger  and  better  determined,  and  confequently  the  fire 
will  be  more  animated  by  it. 

Sixthly  and  laAly,  if  the  afh-hole  and  the  upper  part  of 
the  furnace,  inftead  of  being  cylindric  or  prifmatic  canals, 
have  the  form  of  truncated  cones  or  pyramids,  (landing  on 
their  bafes,  and  fo  ordered  that  the  upper  opening  of  the 
afh-hole,  adjoining  to  the  fire-place,  may  be  wider  than  the 
bafe  of  the  fuperiour  cone  or  pyramid,  then  the  ftream  of 
air,  being  forced  to  pafs  inceffantly  from  a  larger  channel 
through  a  fmaller,  muft  be  coniiderably  accelerated,  and 
procure  to  the  fire  the  greater!:  activity  which  it  can  receive 
from  the  make  of  a  furnace. 

The  materials  fittefl  for  building  furnaces  are,  1.  Bricks, 
joined  together  with  potters  clay  mixed  with  land  and  moifl- 
ened  with  water.  2.  Potters  clay  mingled  with  potfherds* 
moiftened  with  water,  and  baked  in  a  violent  fire.  3  Iron  ; 
of  which  all  furnaces,  may  be  made,  with  this  precaution, 
that  the  infide  be  provided  with  a  great  many  prominent 
points,  as  faftenings  for  a  coat  of  earth,  with  which  the  in* 
ternal  parts  of  the  furnace  mufl  neceffarily  be  covered  to  de- 
fend it  from  the  action  of  the  fire. 

The  reverberating  furnace  is  one  of  thofe  that  are  moft 
employed  in  Chymiflry  :  it  is  proper  for  diftillations  by  the 
retort,  and  mould  be  conftru£ted  in  the  following  manner. 

Firft,  the  ufe  of  the  afh-hole  being,  as  was  faid,  to  give 
paflage  to  the  air  and  to  receive  the  afhes,  no  bad  confe- 
rence can  attend  its  being  made  pretty  high  :  it  may 
have  from  twelve  to  twenty  or  twenty  four  inches  in  heighth. 
Its  aperture  fhould  be  wide  enough  to  admit  billets  of  wood, 
when  a  great  fire  is  to  be  made. 

Secondly,  the  afh-hole  muft  be  terminated  at  its  upper 
part  by  an  iron  grate,  the  bars  of  which  fhould  be  very  fub- 
ftantial,  that  they  may  refill  the  action  of  the  fire  :  this  grate 
is  the  bottom  of  the  fire-place,  and  deflined  to  fupport  the 
coals.  In  the  lateral  part  of  the  fire-place,  and  nearly  about 
the  fame  heighth  with  the  grate,  there  fhould  be  a  hole  of 
fuch  a  fize  that  it  may  eafily  admit  charcoal,  as  well  as  little 
tongs  and  fhovels  for  managing  the  fire.  This  aperture  or 
mouth  of  the  fire-place  fhould  be  perpendicularly  over  the 
mouth  of  the  afh-hole. 

,.S  Thirdly, 


138  ELEMENTS     o  ff  t  h  e       Chap.  19. 

Thirdly,  from  fix  to  eight  or  ten  inches  high  above  the 
grate  over  the  afh-hole,  little  apertures  muft  be  made  in  the 
walls  of  the  furnace,  of  eight  or  ten  lines  in  diameter,  an 
inch  from  one  another,  and  thofe  in  one  fide  mud  be  diame- 
trically oppofite  to  thofe  in  the  other.  The  ufe  of  thefe  holes 
is  to  receive  bars  of  iron  for  the  retort  to  reft  on ;  which 
fhould  be,  as  I  faid,  at  different  heights,  in  order  to  accom- 
modate retorts  of  different  fizes.  At  the  upper  extremity 
of  this  part  of  the  furnace,  which  reaches  from  the  iron  bars 
to  the  top,  the  heighth  whereof  mould  be  fomewhat  lefs 
than  the  width  of  the  furnace,  muft  be  cut  a  femi-circular 
aperture  for  the  neck  of  the  retort  to  come  through.  This 
hole  muft  by  no  means  be  over  the  doors  of  the  fire-place 
and  afh-hole ;  for  then,  as  it  gives  paffage  to  the  neck  of 
the  retort,  it  muft  of  courfe  be  oppofite  to  the  receiver,  and 
in  that  cafe  the  receiver  itfelf  would  ftand  over  againft  thofe 
two  apertures  ;  which  would  be  attended  with  this  double  in- 
convenience, that  the  receiver  would  not  only  grow  very  hot, 
but  greatly  embarrafs  the  operator,  whofe  free  accefs  to  the 
fire-place  and  afh-hole  would  be  thereby  obftructed.  It  is 
proper  therefore  that  the  femi-circular  cut  we  are  fpeaking 
of  be  fo  placed  that  when  the  greateft  balions  are  luted  to  the 
retort  they  may  leave  an  open  paffage  to  the  fire-place  and 
aih-hole. 

Fourthly,  in  order  to  cover  in  the  laboratory  of  the  rever- 
berating furnace,  there  muft  be  a  roof  made  for  it  in  the 
form  of  a  cupola,  or  concave  hemifphere,  having  the  fame 
diameter  as  the  furnace.  This  dome  fhould  have  a  femi- 
circular  cut  in  its  rim,  anfwering  to  that  above-direcliedjto  be 
made  in  the  upper  extremity  of  the  furnace,  fo  that,  when 
adjufted  to  each  other,  the  two  together  may  form  a  circular 
hole- for  the  neck  of  the  retort  to  pafs  through.  At  the  top 
of  this  dome  there  muft  alfo  be  a  circular  hole  of  three  or 
four  inches  diameter,  carrying  a  fhort  tapering  funnel  of  the 
fame  diameter,  and  three  inches  high,  which  will  ferve  for 
a  chimney  to  carry  off  all  fuliginofities,  and  accelerate  the 
current  ot  the  air.  This  paffage  may  be  fhut  at  pleafure 
with  a  flat  cover.  Moreover,  as  it  is  neceffary  that  the  dome 
fhould  be  taken  off  and  put  on  with  eafe,  it  fhould  have 
two  ears  or  handles  for  that  purpofe :  a  portative  or  move- 
able furnace  fhould  alfo  have  a  pair  of  handles,  fixed  op- 
pofite to  each  other,  between  the  afh-hole  and  the  fire- 
place. 

Sixthly  and  laftly,  a  conical  canal  muft  be  provided  of  a- 
l*out  three  feet  long,  and  fufficiently  wide  at  its  lower  end 

to 
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to  admit  the  funnel  of  the  aperture  at  the  top  of  the  dome. 
This  conical  tube  is  to  be  applied  to  the  dome  when  the  fire 
is  required  to  be  extremely  active :  it  tapers  gradually  from 
its  bafe  upwards,  and  breaks  off  as  if  truncated  at  top, 
where  it  mould  be  about  two  inches  wide. 

Befides  the  apertures  already  mentioned  as  necefTary  to  a 
reverberating  furnace,  there  muft  alfo  be  many  other  fmalltr 
holes  made  in  its  afh-hole,  fire-place,  laboratory,  and  dome, 
which  muft  all  be  fo  contrived  as  to  be  eafily  opened  and 
fhut  with  ftopples  of  earth  :  thefe  holes  are  the  regiflers  of 
the  furnace,  and  ferve  to  regulate  the  activity  of  the  fire,  ac- 
cording to  the  principles  before  laid  down. 

When  the  action  of  the  fire  is  required  to  be  exactly  uni- 
form and  very  brifk,  it  is  necefTary  to  flop  carefully  with 
moift  earth  all  the  little  chinks  in  the  juncture  of  the  dome 
with  the  furnace,  between  the  neck  of  the  retort  and  the  cir- 
cular hole  through  which  it  paries,  and  which  it  never  fills 
exactly,  and,  laflly,  the  holes  which  receive  the  iron  bars 
that  fuftain  the  retort. 

It  is  proper  to  have,  in  a  laboratory,  feveral  reverberating 
furnaces  of  different  magnitudes;  becaufe,  they  muft  be 
proportioned  to  the  fize  of  the  retorts  employed.  The  retort 
ought  to  fill  the  furnace,  fo  as  to  leave  only  the  diftance  of 
an  inch  between  it  and  the  infide  of  the  furnace. 

Yet  when  the  retort  is  to  be  expofed  to  a  moft  violent  fire, 
and  efpecially  when  it  is  required  that  the  heat  fhall  act  with 
equal  force  on  all  parts  of  the  furnace,  and  as  ftrongly  on 
its  vault  as  on  its  bottom,  a  greater  diftance  muft  be  left  be- 
tween the  retort  and  the  infide  of  the  furnace  j  for  then  the 
furnace  may  be  filled  with  coals,  even  to  the  upper  part  of 
the  dome.  If  moreover  fome  pieces  of  wood  be  put  into 
the  afh-hole,  the  conical  canal  fitted  on  to  the  funnel  of  the 
dome,  and  all  the  apertures  of  the  furnace  exactly  clofeda 
except  the  afh-hole  and  the  chimney,  the  greateft  heat  will 
then  be  excited  that  this  furnace  can  produce. 

The  furnace  now  defcribed  may  alfp  be  employed  in  ma- 
ny other  chymical  operations.  If  the  dome  be  laid  afide,  an 
alembic  may  very  well  be  placed  therein :  but  then  the  fpace, 
which  will  be  left  between  the  body  of  the  alembic  and  the 
top  of  the  upper  part  of  the  furnace,  muft  be  carefully  filled 
up  with  Windfor-loam  moiftened ;  for  without  that  precau- 
tion the  heat  will  foon  reach  the  very  head,  which  ought  to 
be  kept  as  cool  as  poffible,  in  order  to  promote  the  conden- 
fation  of  the  vapours.  On  this  occafion  therefore  it  will  be 
proper  to  leave  no  holes  open  in  the  fire-place,  but  the  la- 
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teral  ones  ;  of  which  alfo  thofe  over-againft  the  receiver  mu(( 
be  flopped. 

A  pot,  or  broad-brimmed  earthen  pan,  may  be  placed 
over  this  furnace,  and  being  fo  fitted  to  it  as  to  clofe  the  up- 
per part  thereof  accurately,  and  filled  with  fand,  may  ferve 
for  a  fand-heat  to  diftil  with. 

The  bars  defigned  to  fupport  diftilling  veflels  being  taken 
out,  a  crucible  may  (land  therein,  and  many  operations  be 
performed  that  do  not  require  the  utmoft  violence  of  fire. 
In  a  word,  this  furnace  is  one  of  the  moft  commodious  that 
can  be,  and  more  extenftvely  ufeful  than  any  other. 

The  Melting  furnace  is  defigned  for  applying  the  greateff. 
force  of  heat  to  the  mofl  fixed  bodies,  fuch  as  metals  and 
earths.  It  is  never  employed  in  diftilling:  it  is  of  no  ufe 
but  for  calcination  and  fufion;  and  confequently  need  not 
admit  any  veffels  but  crucibles. 

The  afh-hole  of  this  furnace  differs  from  that  of  the  re- 
verberating furnace  only  in  this,  that  it  muff  be  higher,  in 
order  to  raife  the  fire-place  to  a  level  with  the  artift's  hand; 
becaufe  in  that  all  the  operations  of  this  furnace  are  perform- 
ed. The  afh-hole  therefore  tnuft  be  about  three  feet  high  : 
and  this  heighth  procures  it  moreover  the  advantage  of  a 
good  draught  of  air.  For  the  fame  reafon,  and  in  confe- 
quence  of  the  principles  we  laid  down,  it  mould  be  fo  built 
that  its  width  leffening  infenfibly  from  the  bottom  to  the  top, 
it  may  be  narrower  where  it  opens  into  the  fire-place  than 
any  where  below. 

The  afh-hole  is  terminated  at  its  upper  end,  like  that  of 
the  reverberating  furnace,  by  a  grate,  which  ferves  for  the 
bottom  of  the  fire-place,  and  ought  to  be  very  fubftantial, 
that  it  may  refift  the  violence  of  the  fire.  The  infide  of  this 
furnace  is  commonly  an  elliptic  curve;  becaufe  it  is  demon- 
ftrated  by  mathematicians  that  furfaces  having  that  curvature 
reflect  the  rays  of  the  fun,  or  of  fire,  in  fuch  a  manner, 
that  meeting  in  a  point,  or  a  line,  they  produce  there  a  vio- 
lent heat.  But.  to  anfwer  this  purpofe,  thofe  furfaces  muft 
be  finely  polifhed;  an  advantage  hardly  procurable  to  the  in- 
ternal furface  of  this  furnace,  which  can  be  made  of  nothing 
but  earth  :  befides,  if  it  were  poffible  to  give  it  a  polifh, 
the  violent  action  of  the  fire  that  muft  be  employed  in  this 
furnace  would  prefently  deftroy  it*  Yet  the  elliptical  figure 
muft  not  be  entirely  difregarded  :  for,  if  care  be  taken  to 
keep  the  internal  furface  of  the  furnace  as  fmooth  as  poflible, 
it  will  certainly  refledt  the  heat  pretty  ftrongly,  and  collect  it 
about  the  center. 
The 
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The  fire-place  of  this  furnace  ought  to  have  but  four  aper- 
tures. 

Firft,  that  of  the  lower  grate,  which  communicates  with 
the  afh-hole. 

Secondly,  a  door  in  its  fore-fide*  through  which  may  be 
introduced  coals,  crucibles,  and  tongs  for  managing  them : 
this  aperture  mould  be  made  to  (hut  exaclly  with  a  plate  of 
iron,  having  its  infide  coated  with  earth,  and  turning  on  two 
hinges  fixed  to  the  furnace. 

Thirdly,  over  this  door  a  hole  flanting  downwards,  to- 
wards the  place  where  the  crucible  is  to  ftand.  The  ufe  of 
this  hole  is  to  give  the  operator  an  opportunity  of  examining 
the  condition  of  the  matters  contained  in  bis  crucible  with- 
out opening  the  door  of  the  fire-place  :  this  hole  fhould  be 
made  to  open  and  fhut  eafily,  by  means  of  a  ftopple  of 
earth. 

Fourthly,  a  circular  aperture  of  about  three  inches  wide  in 
the  upper  part  or  vault  of  the  furnace,  which  fhould  gradu- 
ally leflen  and  terminate,  like  that  of  the  dome  of  the  rever- 
berating furnace,  in  a  fhort  conical  funnel  of  about  three 
inches  long,  and  fitted  to  enter  the  conical  pipe  before  de- 
fcribed,  which  is  applied  when  the  activity  of  the  fire  is  to 
be  increafed. 

When  this  furnace  is  to  be  ufed,  and  a  crucible  to  be 
placed  in  it,  care  muft  be  taken  jo  fet  on  the  grate  a  cake 
of  baked  earth,  fomewhat  broader  than  the  foot  of  the  cru- 
cible. The  ufe  of  this  ftand  is  to  fupport  the  crucible,  and 
raife  it  above  the  grate,  for  which  purpofe  it  fhould  be  two 
inches  thick.  Were  it  not  for  this  precaution  the  bottom  of 
the  crucible,  which  would  ftand  immediately  on  the;grate, 
could  never  be  thoroughly  heated,  becaufe  it  would  be  al- 
ways expofed  to  the  ftream  of  cold  air  which  enters  by  the 
afh-hole.  Care  fhould  alfo  be  taken  to  heat  this  earthen 
bottom  red-hot  before  it  be  placed  in  the  furnace,  in  order  to 
free  it  from  any  humidity,  which  might  otherwife  happen  to 
be  driven  againft  the  crucible  during  the  operation,  and  oc- 
cafion  its  breaking. 

We  omitted- to  take  notice,  in  fpeaking  of  the  afh-hole, 
that,  befides  its  door,  it  fhould  have  about  the  middle  of  its 
heighth  a  fmall  hole,  capable  of  receiving  the  nofel  of  a  good 
perpetual  bellows,  which  is  to  be  introduced  into  it  and 
worked,  after  the  door  is  exactly  fhut,  when  it  is  thought 
proper  to  excite  the  activity  of  the  fire  to  the  utmoft  vio- 
lence. 

The 
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The  Forge  is  only  a  mafs  of  bricks  of  about  three  feet 
high,  along  whofe  upper  furface  is  directed  the  nofe  or  pipe 
of  a  pair  of  large  perpetual  bellows,  fo  placed  that  the  ope- 
rator may  eafily  blow  the  fire  with  one  hand.  The  coals  are 
laid  on  the  hearth  of  the  forge  near  the  nofe  of  the  bellows -, 
they  are  confined,  if  neceffary,  to  prevent  their  being  carri- 
ed away  by  the  wind  of  the  bellows,  within  a  fpace  inclofed 
by  bricks ;  and  then  by  pulling  the  bellows  the  fire  is  conti- 
nually kept  up  in  its  greateft  activity.  The  forge  is  of  ufe 
Avhen  there  is  occafion  to  apply  a  great  degree  of  heat  fud- 
denly  to  any  fubftance,  or  when  it  is  neceffary  that  the  ope- 
rator be  at  liberty  to  handle  frequently  the  matters  which  he 
propofes  to  fufe  or  calcine. 

The  Cupelling  furnace  is  that  in  which  goH  and  filver  are 
purified,  by  the  means  of  lead,  from  all  alioy  of  other  me- 
tallic fubftances.  This  furnace  muft  give  a  heat  ftrong  e- 
nough  to  vitrify  lead,  and  therewith  all  the  alloy  which  the 
perfect  metals  may  contain.  This  furnace  is  to  be  built  in 
the  following  manner. 

Firft,  of  thick  iron  plates,  or  of  fome  fuch  compofition  of 
earth  as  we  recommended  for  the  conftruclion  of  furnaces, 
mud  be  formed  a  hollow  quadrandgular  prifm,  whofe  fides 
may  be  about  a  foot  broad,  and  from  ten  to  eleven  inches  high ; 
and  extending  from  thence  upwards  may  converge  towards 
the  top,  fo  as  to  form  a  pyramid  truncated  at  the.  heighth  of 
feven  or  eight  inches,  and  terminated  by  an  aperture  of  the 
width  of  feven  or  eight  inches  every  way.  The  lower  part 
cf  the  prifm  is  terminated,  and  cloied,  by  a  plate  of  the  fame 
materials  of  which  the  furnace  is  conftru£ted. 

Secondly,  in  the  fore-fide  or  front  of  this  prifm  there  is 
an  opening  of  three  or  four  inches  in  heighth,  by  five  or  fix 
inches  in  breadth  :  this  opening,  which  fhould  be  very  near 
the  bottom,  is  the  door  of  the  afh-hole.  Immediately  over 
this  opening  is  placed  an  iron  grate,  the  bars  of  which  are 
Quadrangular  prifms  of  half  an  inch  fquare,  laid  parallel  to 
each  other,  and  about  eight  or  nine  inches  afunder,  and  fo 
difpofed  that  two  of  their  angles  are  laterally  oppofite,  the 
two  others  looking  one  diredlly  upwards  and  the  other  down- 
wards. As  in  this  fituation  the  bars  of  the  grate  prefent  to 
the  fire-place  very  oblique  furfaces,  the  afhes  and  very  fmall 
coals  do  not  accumulate  between  them,  or  hinder  the  free 
entrance  of  the  air  from  the  afh-hole.  This  grate  terminates 
the  afh-hole  at  its  upper  part,  and  ferves  for  the  bottom  of 
the  fire-place. 

Thirdly, 
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Thirdly,  three  inches,  or  three  and  a  half,  above  the  grate, 
there  is  in  the  fore-fide  of  the  furnace  another  opening,  ter- 
minated by  an  arch  for  its  upper  part,  which  confequently 
has  the  figure  of  a  femi-circle  :  it  ought  to  be  four  inches 
wide  at  bottom,  and  three  inches  and  an  half  high  at  its 
middle.  This  opening  is  the  door  of  the  fire-place;  yet  it 
is  not  intended  for  the  fame  ufes  as  the  door  of  the  fire-place 
in  other  furnaces :  the  purpofe  for  which  it  is  actually  defin- 
ed fhall  be  explained  when  we  come  to  fhew  how  the  fur- 
nace is  to  be  ufed.  An  inch  above  the  door  of  the  fire-place, 
ftill  in  the  fore* fide  of  the  furnace,  are  two  holes  of  about 
an  inch  diameter,  and  at  the  diftance  of  three  inches  and  a 
half  from  each  other,  to  which  anfwer  two  other  holes  of  the 
fame  fize,  made  in  the  hinder  part,  direcYiy  oppofite  to  thefe. 
There  is,  moreover,  a  fifth  hole  of  the  fame  width  about  an 
inch  above  the  door  of  the  fire-place.  The  defign  of  all  thefe 
holes  (hall  be  explained  when  we  defcribe  the  manner  in 
which  thefe  furnaces  are  to  be  ufed. 

Fourthly,  the  fore-part  of  the  furnace  is  bound  by  three 
iron  braces,  one  of  which  is  fixed  juft  below  the  door  of  the 
a(h- hole  ;  the  fecond  occupies  the  whole  fpace  between  the 
afli-hole  door  and  the  door  of  the  fire-place,  and  has  two 
holes  in  it,  anfwering  to  thofe  which  we  directed  to  be  made 
in  the  furnace  itfelf  about  this  place  ;  and  the  third  is  placed 
immediately  over  the  door  of  the  fire-place.  Thefe  braces 
muft  extend  from  one  corner  of  the  front  of  the  furnace  to 
the  other,  and  be  faftened  thereto  with  iron  pins,  in  fuch  a 
manner  that  their  fides  next  to  the  doors  may  not  lie  quite 
clofe  to  the  body  of  the  furnace,  but  form  a  kind  of  grooves 
for  the  iron  plates  to  Hide  in,  that  are  defigned  to  fhut  the 
two  doors  of  the  furnace  when  it  is  necefiary.  Each  of  thefe 
iron  plates  fhould  have  a  handle,  by  which  it  may  be  conve- 
niently moved ;  and  to  each  door  there  fhould  be  two  plates, 
which  meeting  each  other,  and  joining  exactly  in  the  middle 
of  the  door-place,  may  fhut  it  very  clofe.  Each  of  the  two 
plates  belonging  to  the  door  of  the  fire-place  ought  to  have 
a  hole  in  its  upper  part ;  one  of  thefe  holes  fhould  be  a  flit 
of  about  two  lines  wide,  and  half  an  inch  long ;  the  other 
may  be  a  femi-circular  opening  of  one  inch  in  heighth  and 
two  in  breadth.  Thefe  holes  fhould  be  placed  fo  that  neither 
of  them  may  open  into  the  fire-place  when  the  two  plates  are 
joined  together  in  the  middle  of  the  door  to  fhut  it  clofe. 

Fifthly,  to  terminate  the  furnace  above,  there  muft  be  a 
pyramid  formed  of  the  fame  materials  with  the  furnace,  hol- 
low, quadrangular,  three  inches  high   on  a  bafe  of  feven 

'  incnes, 
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inches,  which  bafe  muft  exa£Uy  fit  the  upper  opening  of  the 
furnace  :  the  top  of  this  pyramidal  cover  muft  end  in  a  tube 
of  three  inches  in  diameter  and  two  in  heighth,  which  muft 
be  almoft  cylindrical,  and  yet  a  little  inclining  to  the  conical 
form.  This  tube  ferves,  as  in  the  furnaces  already  defcrib- 
cd,  to  carry  the  conical  funnel,  which  is  fitted  to  the  upper 
part  when  a  fire  of  extraordinary  activity  is  wanted. 

The  furnace  thus  conftru&ed  is  fit  to  ferve  all  the  purpofes 
for  which  it  is  defigned:  yet  before  it  can  be  ufed  another 
piece  muft  be  provided,  which,  though  it  does  not  properly 
belong  to  the  furnace,  is  neverthelefs  necefTary  in  all  the  o- 
perations  performed  by  it ;  and  that  is  a  piece  contrived  to 
contain  the  cupels,  or  other  veflels  which  are  to  be  expofed 
to  the  fire  in  this  furnace.  It  is  called  a  Muffle,  and  is  made 
in  the  following  manner. 

On  an  oblong  fquare,  of  four  inches  in  breadth,  and  fix 
or  feven  in  length,  a  concave  femi-cylinder  is  erected,  in  the 
form  of  a  vault,  which  makes  a  femi-circular  canal,  open  at 
both  ends.  One  of  thefe  is  almoft  entirely  clofed,  except 
that  near  the  bottom  two  fmall  femi-circular  holes  are  left* 
In  each  of  its  fides  likewife  two  fuch  holes  are  made,  and  the 
other  end  is  left  quite  open. 

The  Muffle  is  intended  to  bear  and  communicate  the  fier- 
ceft  heat ;  and  therefore  it  muft  be  made  thin,  and  of  an 
earth  that  will  refift  the  violence  of  fire,  fuch  as  that  of 
which  crucibles  are  made.  The  Muffle  being  thus  conftrucl> 
ed,  and  then  well  baked,  is  fit  for  ufe. 

When  it  is  to  be  ufed  it  muft  be  put  into  the  furnace  by 
the  upper  opening,  and  fet  upon  two  iron  bars,  introduced 
through  the  holes  made  for  that  purpofe  below  the  door  of 
the  fire-place.  The  Muffle  muft  be  placed  on  thefe  bars  in 
the  fire-place  in  fuch  a  manner  that  its  open  end  (hall  ftand 
next  to,  and  directly  againft  the  door  of  the  fire-place,  and 
may  be  joined  to  it  with  lute.  Then  the  cupels  are  ranged 
in  it,  and  the  furnace  is  filled  up,  to  the  heighth  of  two  or 
three  inches  above  the  Muffle,  with  fmall  coals  not  bigger 
than  a  walnut,  to  the  end  that  they  may  lie  clofe  round  the 
Muffle,  and  procure  it  an  equal  heat  on  every  fide.  The 
chief  ufe  of  the  Muffle  is  to  prevent  the  coals  and  afhes 
from  falling  into  the  cupels,  which  would  be  very  pre- 
judicial to  the  operations  carrying  on  in  them  :  for  the 
lead  would  not  vitrify  as  it  ought,  becaufe  the  imme- 
diate contact  of  the  coals  would  continually  reftore  its 
phlogifton;  or  elfe  the  glafs  of  lead,  which  ought  to  pe- 
netrate  and   pafs   through   the  cupels,    would   be  rendered 

incapable 
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incapable  of  fo  doing  ;  becaufe  the  afhes  mixing  therewith 
would  give  it  fuch  a  confidence  and  tenacity  as  would  deftroy 
that  property,  or  at  leaft  confiderably  lefTen  it.  The  open- 
ings, therefore,  which  are  left  in  the  lower  part  of  the  Muf- 
fle, mould  not  be  fo  high  as  to  admit  coals  or  afhes  to  get 
into  the  cupels \  the  ufe  of  them  is  to  procure  an  eafier  paf- 
fage  for  the  heat  and  the  air  to  thofe  veffels.  The  Muffle  is 
left  quite  open  in  its  fore-part,  that  the  operator  may  be  at 
liberty  to  examine  what  pafies  in  the  cupels,  to  ftir  their  con- 
tents, to  remove  them  from  one  place  to  another,  to  convey 
new  matters  into  them,  <bc.  and  alfo  to  promote  the  free  ac- 
cefs  of  the  air,  which  muft  concur  with  the  fire  towards  the 
evaporation  necefiary  to  the  vitrification  of  lead ;  which  air, 
if  frefh  wrere  not  often  enough  admitted,  would  be  incapable 
of  producing  that  efFe£l  \  becaufe  it  Would  foon  be  loaded 
•with  fuch  a  quantity  of  vapours  that  it  could  not  take  up  any 
more. 

The  government  of  the  fire  in  this  furnace  is  founded  on 
the  general  principles  above  laid  down  for  all  furnaces.  Yet 
as  there  are  fome  little  differences,  and  as  it  is  very  effential 
to  the  fuccefs  of  the  operations  for  which  this  furnace  is  in- 
tended, that  the  artift  fhould  be  abfolutely  mailer  of  his  de- 
gree of  heat,  we  mall  in  few  words  fhew  how  that  may  be 
raifed  or  lowered. 

When  the  furnace  is  filled  with  coals  and  kindled,  if  the 
door  of  the  afh-hole  be  fet  wide  open,  and  that  of  the  fire- 
place fhut  very  ciofe,  the  force  of  the  fire  is  increafed  ;  and 
if,  moreover,  the  pyramidal  cover  be  put  on  the  top,  and 
the  conical  funnel  added  to  it,  the  fire  will  become  flill  more 
fierce. 

Seeing  the  matters  contained  in  this  furnace  are  encom- 
pafTed  with  fire  on  all  fides,  except  in  the  fore -part  oppofite 
to  the  door  of  the  fire-place,  and  as  there  are  occalions 
which  require  that  the  force  of  the  fire  fhould  be  applied 
to  this  part  alfo,  an  iron  box,  of  the  fhape  and  fize  of  the 
door,  hath  been  contrived  to  anfwer  that  purpofe.  This  box 
is  filled  with  lighted  coals,  and  applied  immediately  to  the 
door-place,  by  which  means  the  heat  there  is  confiderably 
augmented.  This  help  may  be  made  ufe  of  at  the  beginning 
of  the  operation,  in  order  to  accelerate  it,  and  bring  the 
heat  fooner  to  the  defired  degree ;  or  in  cafe  a  very  fierce 
heat  be  required  ;  or  at  a  time  when  the  air  being  hot  and 
moift  will  not  make  the  fire  burn  with  the  .necefTary  vi- 
gour. 

T  The 


i46  ELEMENTS     op     the      Chap.  19. 

The  heat  may  be  lefiened  by  removing  the  iron  box,  and 
{hutting  the  door  of  the  fire-place  quite  clofe.  It  may  be 
ftill  further  and  gradually  diminiihed,  by  taking  off  the  co- 
nical funnel  from  the  top ;  by  (hutting  the  door  of  the  fire- 
place with  one  of  its  plates  only,  that  which  has  the  leaft, 
or  that  which  has  the  greater!  aperture  in  it ;  by  taking  off 
the  pyramidal  cover ;  by  (hutting  the  afh-hole  door  wholly 
or  in  part ;  and,  laftly,  by  fetting  the  door  of  the  fire-place 
wide  open  :  but,  in  this  lafl  cafe,  the  cold  air  penetrates  in- 
to the  cavity  of  the  Muffle,  and  refrigerates  the  cupels  more 
than  is  almofl  ever  neceffary.  If  it  be  obferved,  during  the 
operation,  that  the  Muffle  grows  cold  in  any  particular  part, 
it  is  a  fign  there  is  a  vacuity  left  by  the  coals  in  that  place : 
in  this  cafe  an  iron  wire  muft  be  thruft  into  the  furnace, 
through  the  hole  which  is  oyer  the  door  of  the  fire- place,  and 
the  coals  ftirred  therewith,  fo  as  to  make  them  fall  into  their 
places  and  fill  up  the  vacant  interfaces,. 

It  is  proper  to  obferve,  that,  befides  what  has  been  faid 
concerning  the  ways  of  increafing  the  activity  of  the  fire  in 
the  cupelling  furnace,  feveral  other  caufes  aifo  may  concur 
to  procure  to  the  matters  contained  in  the  Muffle  a  greater 
degree  of  heat :  for  example,  the  fmaller  the  Muffle  is,  the 
wider  and  more  numerous  the  holes  in  it  are ;  the  nearer  to 
its  bottom,  or  further  end,  the  cupels  are  placed,  the  more 
will  the  matters  therein  contained  be  affected  with  heat. 

Befides  the  operations  to  be  performed  by  the  cupel,  this 
furnace  is  very  ufeful,  and  even  neceflary,  for  many  chymi- 
cal  experiments;  fuch,  for  inftance,  as  thofe  relating  to  fun- 
dry  vitrifications  and  enamelling.  As  it  is  pretty  low,  the 
belt  way  is  to  place  it,  when  it  is  to  be  ufed,  on  a  bafe  of 
brick- work  that  may  raife  it  to  a  level  with  the  operator's 
hand. 

A  Lamp-furnace  is  exceeding  ufeful  for  all  operations  that 
require  only  a  moderate,  but  long-continued,  degree  of  heat. 
The  furnace  for  working  with  a  lamp-heat  is  very  fimple:  it 
confifls  only  of  a  hollow  cylinder,  from  fifteen  to  eighteen 
inches  high,  and  five  or  fix  in  diameter,  having  at  its  bottom 
an  aperture  large  enough  for  a  lamp  to  be  introduced  and 
withdrawn  with  eafe.  The  lamp  muft;  have  three  or  four 
wicks,  to  the  end  that  by  lighting  more  or  fewer  of  them  a 
greater  or  lefs  degree  of  heat  may  be  produced.  The  body 
of  the  furnace  muft  moreover  have  feveral  fmall  holes  in  it, 
in  order  to  fupply  the  flame  of  the  lamp  with  air  enough  to 
keep  it  alive. 

On  the  top  of  this  furnace  ftands  a  bafon  five  or  fix  inches 

deep, 
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deep,  which  ought  to  fill  the  cavity  of  the  cylinder  exactly, 
and  to  be  fupported  at  its  circumference  by  a  rim  which  may 
entirely  cover  and  clofe  the  furnace :  the  ufe  of  this  bafon  is 
to  contain  the  fand  through  which  the  lamp-heat  is  ufually 
conveyed. 

Befides  this,  there  muft  be  a  kind  of  cover  or  dome  made 
of  the  fame  material  with  the  furnace,  and  of  the  fame  dia- 
meter with  the  fand-bath,  without  any  other  opening  than  a 
hole,  nearly  circular,  cut  in  its  lower  extremity.  This  dome 
is  a  fort  of  reverberatory,  which  ferves  to  confine  the  heat 
and  direct  it  towards  the  body  of  the  retort ;  for  it  is  ufed 
only  when  fomething  is  to  be  diftilled  in  a  veffel  of  this  fa- 
fhion ;  and  then  the  hole  at  its  bottom  ferves  for  a  paffage  to 
the  neck  of  the  retort.  This  dome  fhould  have  an  ear  or 
handle,  for  the  conVenieney  of  putting  it  on  and  taking  it  off 
with  eafe> 

Of  Lutes, 

Chymical  veffels,  efpecially  fuch  as  are  made  of  glafe, 
and  the  earthen  veffels  commonly  called  ftone-ware,  are  very 
fubject  to  break  when  expofed  to  fudden  heat  or  cold :  whence 
it  comes,  that  they  often  crack  when  they  begin  to  heat,  and 
alfo  when  being  very  hot  they  happen  to  be  cooled,  either  by 
frefh  coals  thrown  into  the  furnace,  or  by  the  accefs  of  cold 
air.  There  is  no  way  to  prevent  the  former  of  thefe  acci- 
dents, but  by  taking  the  pains  to  warm  your  veffel  very  (low- 
ly, and  by  almoft  infenfible  degrees.  The  fecond  may  be  a* 
voided  by  coating  the  body  of  the  veflel  with  a  pafte  or  lute> 
which  being  dried  will  defend  it  againft  the  attacks  of 
cold. 

The  fltteft  fluff  for  coating  veffels  is  a  compofition  of  fat 
earth,  Windfor-loam,  fine  fand,  filings  of  iron,  or  powder- 
ed glafs,  and  chopped  cow's  hair,  mixed  and  made  into  a 
pafte  with  water.  This  lute  ferves  alfo  to  defend  glafs  vef- 
fels againft  the  violence  of  the  fire,  and  to  prevent  their 
melting  eafily. 

In  almoft  all  diftillations  it  is  of  great  confequence,  as  hath 
been  faid,  that  the  neck  of  the  diftilling  veflel  be  exactly 
joined  with  that  of  the  receiver  into  which  it  is  introduced, 
in  order  to  prevent  the  vapours  from  efcaping  into  the  air- 
and  fo  being  loft :  and  this  junction  is  effected  by  means  of 
a  lute. 

A  few  flips  of  paper  applied  round  the  neck  of  the  veffels 
with  common  fize  will  be  fufficient  to  keep  in  fuch  vapours 
a«  are  aqueous^  or  not  veTy  fpirituous. 
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If  the  vapours  are  more  acrid,  or  more  fpirituous,  recourfe 
may  be  had  to  flips  of  bladder  long  fleeped  in  water,  which 
containing  a  fort  of  natural  glue,  clofe  the  junctures  of  the 
veflels  very  well. 

If  it  be  required  to  confine  vapours  of  a  Mill  more  pene- 
trating nature,  it  will  be  proper  to  employ  a  lute  that  quick- 
ly grows  very  hard  \  particularly  a  parte  made  with  quick- 
lime and  any  fort  of  jelly,  whether  vegetable  or  animal ; 
fuch  as  the  white  of  an  egg,  flifF  fize,  <bc.  This  is  an  ex- 
cellent lute,  and  not  eafily  penetrated.  It  is  alfo  ufed  to  flop 
any  cracks  or  fractures  that  happen  to  glafs  velTels.  But  it  is 
not  capable  of  refilling  the  vapours  of  mineral  acid  fpirits, 
efpecialiy  when  they  are  flrong  and  fmoking  :  for  that  pur- 
pofe  it  is  neceftary  to  incorporate  the  other  ingredients  tho- 
roughly with  fat  earth  foftened  with  water ;  and  even  then  it 
frequently  happens  that  this  lute  is  penetrated  by  acid  va- 
pours, efpecialiy  thofe  of  the  fpirit  of  fait,  which  of  all  others 
are  confined  with  the  greateft  difficulty. 

In  fuch  cafes  its  place  may  be  fupplied  with  another,  which 
is  called  Fat  Lute,  becaufe  it  is  aclually  worked  up  with 
fat  liquors.  This  lute  is  compofed  of  a  very  fine  cretaceous 
earth,  called  tobacco-pipe  clay,  moiftened  with  equal  parts 
of  the  drying  oil  of  lint-feed,  and  a  varnifh  made  of  amber 
and  gum  copal.  It  muft  have  the  confidence  of  a  ftiffpafte. 
When  the  joints  of  the  veflels  are  clofed  up  with  this  lute, 
they  may,  for  greater  fecurity,  be  covered  over  with  flips  of 
linen  fmeared  with  the  lute  made  of  quick-lime  and  the 
white  of  an  egg. 

Chymical  veilels  are  liable  to  be  broken  in  an  operation 
by  other  caufes  betides  the  fudden  application  of  heat  or  cold. 
It  frequently  happens,  that  the  vapours  of  the  matters  expofed 
to  the  acliion  of  fire  rum  out  with  fuch  impetuofity,  and  are 
io  elaftic,  that,  finding  no  paflage  through  the  lute  with 
which  the  joints  of  the  vefTels  are  clofed,  they  burft  the  veflels 
themfelves,  ibmetimes  with  explofion  and  danger  to  the  ope- 
rator. . 

To  prevent  this  inconvenience,  it  is  necefiary  that  in  eve- 
ry receiver  there  be  a  fmall  hole,  which  being  flopped  only 
with  a  little  lute  may  eafily  be  opened  and  fhut  again  as  oc- 
cafion  requires.  It  ferves  for  a  vent-hole  to  let  out  the  va- 
pours, when  the  receiver  begins  to  be  too  much  crowded 
with  them.  Nothing  but  pra&ice  can  teach  the  artift  when 
it  is  requifite  to  open  this  vent.  If  he  hits  the  proper  time, 
the  vapours  commonly  rufli  out  with  rapidity,  and  a  confi- 
derable  hiding  noife  ;  and  the  vent  mould  be  flopped  again 
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as  foon  as  the  hifling  begins  to  grow  faint.  The  lute  em- 
ployed to  flop  this  fmall  hole  ought  always  to  be  kept  fo  duc- 
tile, that,  by  taking  the  figure  of  the  hole  exactly,  it  may 
entirely  flop  it.  Befides,  if  it  mould  harden  upon  the  glafs, 
it  would  ftick  fo  fall  that  it  would  be  very  difficult  to  remove 
it  without  breaking  the  veffel.  This  danger  is  eafily  avoided 
by  making  ufe  of  the  fat  lute,  which  continues  pliant  for  a 
long  time,  when  it  is  not  expofed  to  an  exceflive  heat. 

This  way  of  flopping  the  vent-hole  of  the  receiver  has 
yet  another  advantage :  for  if  the  hole  be  of  a  proper  width, 
as  a  line  and  half,  or  two  lines,  in  diameter,  then,  when  the 
vapours  are  accumulated  in  too  great  a  quantity,  and  begin 
to  make  a  great  effort  againft  the  fides  of  the  receiver,  they 
pufh  up  the  ftopple,  force  it  out,  and  make  their  way  through 
the  vent-hole:  fo  that,  by  this-  means,  the  breaking  of  the 
veffels  may  always  be  certainly  prevented.  But  great  care 
muft  be  taken  that  the  vapours  be  not  fuffered  to  efcape  in 
this  manner,  except  when  abfolute  neceffity  requires  it ;  for 
it  is  generally  the  very  ftrongeft  and  moft  fubtile  part  of  a 
liquor  which  is  thus  diffipated  and  loft. 

Heat  being  the  chief  caufe  that  puts  the  elafticity  of  the 
vapours  in  action,  and  prevents  their  condenfing  into  a  li- 
quor, it  is  of  great  confequence  in  diftillation  that  the  re- 
ceiver be  kept  as  cool  as  poffible.  With  this  view  a  thick 
plank  mould  be  placed  between  the  receiver  and  the  body  of 
the  furnace,  to  intercept  the  heat  of  the  latter,  and  prevent 
its  reaching  the  former.  As  the  vapours  themfelves  rife  ve- 
ry hot  from  the  diftilling  veffel,  they  foon  communicate  their 
heat  to  the  receiver,  and  efpecially  to  its  upper  part,  againft 
which  they  ftrike  firft.  For  this  reafon  it  is  proper  that  linen 
cloths,  dipt  in  very  cold  water,  be  laid  over  the  receiver, 
and  frequently  (hifted.  By  this  means  the  vapours  will  be 
confiderably  cooled,  their  elafticity  weakened,  and  their  con- 
denfation  promoted. 

By  what  hath  been  faid  in  this  firft  part,  concerning  the 
properties  of  the  principal  agents  in  Chymiftry,  the  conftruc- 
tion  of  the  moft  neceflary  veffels  and  furnaces,  and  the  man- 
ner of  ufing  them,  we  are  fufficiently  prepared  for  proceed- 
ing direclly  to  the  operations,  without  being  obliged  to  make 
frequent  and  long  flops,  in  order  to  give  the  neceflary  expla- 
nations on  thofe  heads. 

Neverthelefs,  we  fhall  take  every  proper  occafion  to  ex- 
tend the  theory  here  laid  down,  and  to  improve  it  by  the  ad- 
dition of  feveral  particulars,  which  will  find  their  places  in 
our  Treatife  of  Chymical  Operations. 
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PRACTICE  of   CHYMISTRY. 

INTRODUCTION. 

AS  the  Elements  of  the  Theory  of  Chymiftry,  deliver- 
ed in  the  former  part  of  this  work,  were  intended 
for  the  ufe  of  perfons  fuppofed  to  be  altogether  un- 
acquainted with  the  art,  they  could  not  properly  admit  of 
any  thing  more  than  fundamental  principles,  fo  difpofed  as 
conftantly  to  lead  from  the  fimple  to  the  compound,  from 
things  known  to  things  unknown  :  for  which  reafbn  I  could 
not  therein  obferve  the  ufual  order  of  Chymical  Decompofi- 
tion,  which  is  not  fufceptible  of  fuch  a  method.  I  therefore 
fuppofed  all  the  analyfes  made,  and  bodies  reduced  to  their 
fimpleft  principles ;  to  the  end  that,  by  obferving  the  chief 
properties  of  thofe  primary  elements,  we  might  be  enabled 
to  trace  them  through  their  feveral  combinations,  and  to 
form  fome  fort  of  judgment  a  priori  of  the  qualities  of  fuch 
compounds  as  may  remit  from  their  junctions. 

But  this  latter  part  is  of  a  different  nature.  It  is  a  practi- 
cal Treafife,  intended  to  contain  the  manner  of  performing 
the  principal  Operations  of  Chymiftry ;  the  operations 
which  ferve  as  ftandards  for  regulating  all  the  reft,  and 
which  confirm  the  fundamental  truths  laid  down  in  the 
Theory. 

As  thefe  operations  confifl  almofl  wholly  of  analyfes  and 
ilecompofitions,  there  can  be  no  doubt  concerning  the  order 
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proper  to  be  obferved  in  giving  an  account  of  them  :  it  evi- 
dently coincides  with  that  of  the  analyfis  itfelf. 

Bat  as  all  bodies,  which  are  the  fubje£ts  of  Chymical  ope- 
rations, are  divided  by  nature  into  three  clafles  or  kingdoms, 
the  mineral,  the  vegetable,  and  the  animal,  the  analyfis 
thereof  may  naturally  be  divided  into  three  branches :  fome 
difference  may  alfo  arife  from  the  different  order  in  which 
thefe  three  may  be  treated  of. 

As  the  reafons  afligned  for  beginning  with  one  kingdom 
rather  than  with  another  have  never  been  thoroughly  canvaf- 
fed,  and  may  perhaps  feem  equally  good  when  viewed  in  a 
particular  light,  Chymical  writers  differ  in  their  opinions  on 
this  point  For  my  part,  without  entering  into  a  difcuflion 
of  the  motives  which  have  determined  others  to  follow  a  dif- 
ferent order,  I  (hall  only  produce  the  reafons  that  led  me  to 
begin  with  the  mineral  kingdom,  to  examine  the  vegetable 
in  the  fecond  place,  and  to  conclude  with  the  animal. 

Firft,  then,  feeing  vegetables  draw  their  nourifhment  from 
minerals,  and  animals  derive  theirs  from  vegetables,  the  bo- 
dies which  conftitute  thefe  three  kingdoms  feem  to  be  gene- 
rated the  one  by  the  other,  in  a  manner  that  determines  their 
natural  rank. 

Secondly,  this  difpofition  procures  us  the  advantage  of 
tracing  the  principles,  from  their  fource  in  the  mineral  king- 
dom, down  to  the  laft  combinations  into  which  they  are  ca- 
pable of  entering,  that  is,  into  animal  matters ;  and  of  ob- 
ferving  the  fucceffive  alterations  they  undergo  in  palling  out 
of  one  kingdom  into  another. 

Thirdly  and  laftly,  I  look  upon  the  analyfis  of  minerals 
to  be  the  eafieft  of  all ;  not  only  becaufe  they  confift  of  few- 
er principles  than  vegetables  and  animals,  but  alfo  becaufe 
almoft  all  of  them  are  capable  of  enduring  the  molt  violent 
action  of  fire,  when  that  is  neceffary  to  their  decomposition, 
without  any  considerable  change  or  diminution  of  their 
principles,  to  which  thofe  of  other  fubftances  are  frequently 
liable. 

Befides,  I  am  not  fingular  in  this  distribution  of  the  three 
claffes  of  bodies,  which  are  the  fubje£ts  of  the  chymical 
analyfis  :  as  it  is  the  moft  natural,  it  has  been  adopted  by 
feveral  authors,  or  rather  by  moft  who  have  publifhed  Trea- 
tifes  of  Chymiftry.  But  there  is  fomething  peculiarly  my 
own  in  the  manner  wherein  I  have  treated  the  analyfis  of 
each  kingdom.  In  the  mineral  kingdom,  for  instance,  will 
be  found  a  considerable  number  of  operations  not  to  be  met 
with  in  other  Treatifes  of  Chymiftry  j    the  authors  having 
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probably  confidered  tbem  as  ufelefs,  or  in  fome  meafure  fo- 
reign, to  the  purpofe  of  Elementary  Books*  and  as  conilitut- 
ing  together  a  diftinct  art.  I  mean  the  proceffes  for  extract- 
ing faline  and  metallic  fubftances  from  the  minerals  contain- 
ing them. 

Yet,  if  it  be  confidered  that  falts,  metals,  and  femi- me- 
tals are  far  from  being  produced  by  nature  in  a  ftate  of  per- 
fection, or  in  that  degree  of  purity  which  they  are  com- 
monly fuppofed  to  have  when  they  are  firft  treated  of  in 
Books  of  Chymiftry  ;  but  that,  on  the  contrary,  thefe  fub- 
flances are  originally  blended  with  each  other,  and  adulte- 
rated with  mixtures  of  heterogeneous  matters,  wherewith 
they  form  compound  minerals ;  I  imagine  it  will  be  allowed* 
that  the  operations  by  which  thefe  minerals  are  decomposed* 
in  order  to  extract:  the  metals,  femi-metals,  and  other  Am- 
pler fubflances,  efpecially  as  they  are  founded  on  the  molt 
curious  properties  of  thefe  fubflances,  are  fo  far  from  being 
ufelefs  or  foreign  to  the  purpofes  of  an  Elementary  Trea- 
tife,  that  they  are,  on  the  contrary,  absolutely  neceffary 
thereto. 

After  I  had  made  thefe  reflections,  I  could  not  help 
thinking  that  an  analyfis  of  minerals,  which  mould  treat  of 
faline  and  metallic  fubftances,  without  taking  any  notice  of 
the  manner  in  which  their  matrices  mult  be  analyfed,  in  or- 
der to  extract  them,  would  be  no  lefs  defective  than  a  trea- 
tife  of  the  analyfis  of  vegetables,  in  which  Oils,  efiential 
Salts,  fixed  and  volatile  Alkalis,  mould  be  amply  treated  of* 
without  faying  one  word  of  the  manner  of  analyfing  the 
plants  from  which  thefe  feveral  fubftances  are  obtained.  I 
therefore  thought  myfelf  indefpenfably  obliged  to  defcribe 
the  manner  of  decompofing  every  ore  or  mineral,  before  I 
attempted  to  treat  of  the  faline  or  metallic  fubftance  which 
it  yields. 

For  example :  as  the  Vitriolic  Acid,  with  the  confidera- 
tion  of  which  I  begin  my  Mineral  Analyfis,  is  originally 
contained  in  Vitriol,  Sulphur,  and  Alum ;  and  as  thefe  fub- 
ftances again  derive  their  origin  from  the  fulphureous  and 
ferruginous  Pyrites,  the  firft  operations  I  defcribe  under  this 
head  are  the  proceCes  for  decompofing  the  Pyrites  in  order 
to  extract  its  Vitriol,  Sulphur,  and  Alum.  I  then  proceed 
to  the  particular  analyfis  of  each  of  thefe  fubftances,  with  a 
view  to  extract  their  Vitriolic  Acid^;  and  afterwards  deliver, 
in  their  order,  the  other  operations  ufually  performed  on  this 
Acid.  Thus  it  appears,  that  this  faline  fubftance  occasions 
my  defcribing  the  analyfes  of  the  Pyrites,  Vitriol,  Sulphur, 
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and  Alum.     The  whole  of   the  Treatife  on  Minerals  pro- 
ceeds on  the  fame  plan. 

The  operations  by  which  we  deccmpofe  ores  and  minerals 
are  of  two  forts :  thofe  employed  in  working  by  the  great, 
and  thofe  for  trying  in  fmall  the  yield  of  any  ore.  Thefe 
two  manners  of  operating  are  fometimes  a  little  different ; 
yet  in  the  main  they  are  the  fame,  becaufe  they  are 
founded  on  the  fame  principles,  and  produce  the  fame  ef- 
fete. 

As  my  chief  defign  was  to  defcribe  the  operations  that 
may  be  conveniently  performed  in  a  laboratory,  I  have  pre- 
ferred the  procefles  for  fmall  aflays  :  efpecially  as  they  are 
iifually  performed  with  more  care  and  accuracy  than  the  ope- 
rations in  great  works  :  and  here  I  mull  acknowledge,  that  i 
am  obliged  to  M.  Cramer's  Docimafia^  or  Art  of  AAaying, 
for  all  the  operations  of  this  kind  in  my  analyfis  of  minerals. 
As  M.  Hellot's  work  on  that  fubject  did  not  appear  till  after 
I  had  finiihed  this,  M.  Cramer's  Docima/ia>  in  which  found 
Theory  is  joined  with  accurate  practice,  was  the  beft  book 
of  the  kind  I  could  at  that  time  confult.  I  therefore  pre- 
ferred it  to  all  others  ;  and  as  I  have  not  quoted  it  in  my 
analyfis  of  minerals,  becaufe  the  quotations  would  have  been 
too  frequent,  let  what  I  fay  here  ferve  for  a  general  quota- 
tion. I  have  been  careful  to  name,  as  often  as  occafion  re- 
quired, the  other  authors  whofe  procefles  I  have  borrowed  : 
it  is  a  tribute  juftly  due  to  thofe  who  have  communicated 
their  difcoveries  to  the  public. 

Though  I  have  told  the  reader  that  in  my  analyfis  of  mi- 
nerals he  will  find  the  procefles  for  extra&ing  out  of  each 
the  faline  or  metallic  fubftances  contained  in  it,  yet  he  muft 
not  expect:  that  this  book  will  inftrucr.  him  in  all  that  is  ne- 
ceflary  he  fhould  know  to  be  able  to  determine,  by  an  accu- 
rate affay,  the  contents  of  every  mineral.  My  intention  was 
not  to  compofe  a  Treatife  of  Aflaying ;  and  I  have  taken  in 
no  more  than  was  abfolutely  neceflary  to  make  the  analyfis 
of  minerals  perfectly  understood,  and  to  render  it  as  com- 
plete as  it  ought  to  be  in  an  Elementary  Treatife.  I  have 
therefore  defcribed  only  the  principal  operations  relating 
thereto;  the  operations  which  are  fundamental,  and 
which,  as  I  faid  before,  are  to  ferve  as  flandards  for  the 
reft,  abftracled  from  fuch  additional  circumftances  as  are 
of  confequence  only  to  the  Art  of  Aflaying,  properly  fo 
called. 

Such  therefore  as  are  defirous  of  being  fully  inftru&ed  in 
that  Art,  muft  have  recourfe  to  thofe  works  which  treat  pro- 
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feifedly  of  the  fubjett. ;  and  particularly  to  that  publiflied  by 
M.  Hcllot :  a  performance  moft  efteemed  by  fuch  as  are  belt 
ikilied  in  Chymiftry,  and  rendered  fo  complete  by  the  nume- 
rous and  valuable  obfervations  and  difcoveries  of  the  Au- 
thor, that  nothing  better  of  the  kind  can  be  wifhed  for.  I 
thought  it  proper  to  give  thefe  notices  in  relation  to  my  ana- 
lyfis  of  minerals  ;  and  (hall  now  proceed  to  {hew  the  plan  of 
my  analyfes  of  vegetables  and  of  animals. 

Seeing  all  vegetable  matters  are  fufceptible  of  fermenta- 
tion, and  when  analyfed  after  fermentation,  yield  principles 
different  from  thofe  we  obtain  from  them  before  they  are  fer- 
mented, I  have  divided  them  into  two  claries  ;  the  former 
including  vegetables  in  their  natural  ftate,  before  they  have 
undergone  fermentation;  and  the  latter  thofe  only  which 
have  been  fermented.  This  analyfis  opens  with  the  procef- 
fes  by  which  we  extract,  from  vegetables  all  the  principles 
they  will  yield  without  the  help  of  fire:  and  then  follow  the 
operations  for  decompofing  plants  by  degrees  of  heat,  from 
the  gentleft  to  the  moft  violent,  both  in  clofe  veflels,  and  in 
the  open  air. 

I  have  not  made  the  fame  divifion  in  the  animal  kingdom, 
becaufe  the  fubflances  that  compofe  it  are  fufceptible  only  of 
the  laft  degree  of  fermentation,  or  putrefaction ;  and  more- 
over the  principles  they  yield,  whether  putrefied  or  unputre- 
fied,  are  the  very  fame,  and  differ  only  with  regard  to  their 
proportions,  and  the  order  in  which  they  are  extricated  dur- 
ing the  analyfis. 

1  begin  this  analyfis  with  an  examination  of  the  milk  of 
animals  that  feed  wholly  on  vegetables ;  becaufe,  though 
this  fubftance  be  elaborated  in  the  body  of  the  animal,  and 
by  that  means  brought  nearer  to  the  nature  of  animal  mat- 
ters, yet  it  ftill  retains  a  great  fimilitude  to  the  vegetables 
from  which  it  derives  its  origin,  and  is  a  fort  of  intermediate 
fubftance  between  the  vegetable  and  animal.  Then  I  proceed  to 
the  analyfis  of  animal  matters  properly  fo  called,  thofe  which 
actually  make  a  part  of  the  animal  body.  I  next  examine 
the  excrementitious  fubflances,  that  are  thrown  out  of  the 
animal  body  as  fuperfluous  and  ufelefs.  And  then  I  con- 
clude this  latter  part  with  operations  on  the  Volatile  Alkali ; 
a  faline  fubftance  of  principal  consideration  in  the  decompo- 
fition  of  animal  matters. 

Though,  in  the  general  view  here  given  of  the  order  ob- 
ferved  in  this  Treatife  of  Practical  Chymiftry,  I  have  men- 
tioned only  fuch  procefles  as  ferve  for  analyfing  bodies,  yet  1 
have  alfo  inferted  fome  other  operations  of  different  kinds. 

The 
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The  book  would  be  very  defective  if  it  contained  no  more : 
for  the  defign  of  Chymiftry  is  not  only  to  analyfe  the  mixts 
produced  by  nature,  in  order  to  obtain  the  fimpleft  fubftan- 
ces  of  which  they  are  compofed,  but  moreover  to  difcover 
by  fundry  experiments  the  properties  of  thofe  elementary 
principles,  and  to  recombine  them  in  various  manners, 
either  with  each  other,  or  with  different  bodies,  fo  as  to  re- 
produce the  original  mixts  with  all  their  properties,  or  even 
form  new  compounds  which  never  exifted  in  nature.  In 
this  book  therefore  the  reader  will  find  proceffes  for  combin- 
ing and  recompounding,  as  well  as  for  refolving  and  decom- 
poling  bodies.  I  have  placed  them  next  to  the  proceffes  for 
decompofition,  taking  all  poffible  care  not  to  interrupt  their 
order,  or  break  the  connection  between  them. 


PART 


PART         I. 
Of     MINERALS. 

SECTION     I. 

Operations  performed  on  Saline  Mineral  SubJIances. 

CHAP.        I. 

Of  the   Vitriolic    Acid. 

PROCESS     I. 

To  extracl  Vitriol  from  the  Pyrites. 

TAKE  any  quantity  you  pleafe  of  Iron  Pyrites  ;  leave 
them  for  fome  time  expofed  to  the  air :  they  will 
crack,  fplit,  lofe  their  brightnefs,  and  fall  into  pow- 
der. Put  this  powder  into  a  glafs  cucurbit,  and  pour  upon 
it  twice  its  weight  of  hot  water  ;  ftir  the  whole  with  a  flick, 
and  the  liquor  will  grow  turbid.  Pour  it,  while  it  is  yet 
warm,  into  a  glafs  funnel  lined  with  brown  filtering  paper ; 
and  having  placed  your  funnel  over  another  glafs  cucurbit, 
let  the  liquor  drain  into  it.  Pour  more  hot  water  on  the 
powdered  Pyrites,  filter  as  before,  and  fo  go  on,  every  time 
leflening  the  quantity  of  water,  till  that  which  comes  off  the 
Pyrites  appears  to  have  no  aftringent  vitriolic  tafte. 

Put  all  thefe  waters  together  into  a  glafs  veflel  that  widens 
upwards ;  fet  it  on  a  fand  bath,  and  heat  the  liquor  till  a 
confiderable  fmoke  arifes ;  but  take  care  not  to  make  it  boil. 
Continue  the  fame  degree  of  fire  till  the  furface  of  the  liquor 
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begins  to  look  dim,  as  if  fome  duft  had  fallen  into  it ;  then 
ceafe  evaporating,  and  remove  the  vefTel  into  a  cool  place: 
in  the  fpace  of  four  and  twenty  hours  will  be  formed  therein 
a  quantity  of  cryft.als,  of  a  green  colour  and  a  rhomboidal  fi- 
gure :  thefe  are  Vitriol  of  Mars,  or  Copperas.  Decant  the 
remaining  liquor;  add  thereto  twice  its  weight  of  water; 
filter,  evaporate,  and  cryflallize  as  before ;  repeat  thefe  ope- 
rations till  the  liquor  will  yield  no  more  cryftals,  and  keep 
by  themfelves  the  cryftals  obtained  at  each  cryftallization. 

OBSERVATIONS. 

The  Pyrites  are  minerals  which,  by  their  weight  and 
fhining  colours,  frequently  impofe  on  fuch  as  are  not  well 
acquainted  with  ores.  At  firft  fight  they  may  be  taken  for 
very  rich  ones ;  and  yet  they  confift  only  of  a  fmali  quantity 
of  metal  combined  with  much  fulphur  or  arfenic,  and  fome- 
times  with  both. 

They  ftrike  fire  with  a  fteel  as  flints  do,  and  emit  a  ful- 
phureous  fmell :  fo  that  they  may  be  known  by  this  extem- 
poraneous proof.  The  metal  moft  commonly  and  moft  a- 
bundantly  found  in  the  Pyrites  is  iron ;  the  quantity  whereof 
fometimes  equals,  or  even  exceeds,  that  of  the  fulphur.  Be- 
fides  metallic  and  fulphureous  matters,  the  Pyrites  contain 
alfo  fome  unmetallic  earth. 

There  are  feveral  forts  of  Pyrites :  fome  of  them  contain 
only  iron  and  arfenic.  They  have  not  all  the  property  of 
dftorefcing  fpontaneoufly  in  the  air,  and  turning  into  vitriol : 
pone  do  fo  but  fuch  as  confift  only  of  iron  and  fulphur,  or 
at  Jeaft  contain  but  a  very  fmall  portion  of  copper,  or  of  ar- 
fenic :  and  even  amongft  thofe  that  are  compofed  of  iron  and 
fulphur  alone,  there  are  fome  th,at  will  continue  for  years  to- 
gether expofed  to  the  air  without  mooting,  and  indeed  with* 
out  differing  the  lead  fenfible  alteration. 

The  efHorefcence  of  the  Iron  Pyrites,  and  the  changes  they 
undergo,  are  phenomena  well  worth  our  notice.  They  de- 
pend on  the  fingluar  property  which  iron  pofTefles  of  decom- 
posing fulphur  by  the  help  of  moifture.  If  very  fine  iron- 
filings  be  accurately  mingled  with  flowers  of  fulphur,  this 
mixture,  being  moiftened  with  water,  grows  very  hot,  fwells 
up,  emits  fulphureous  vapours,  and  even  takes  fire;  what 
remains  is  found  converted  into  Vitriol  of  Mars.  On  this 
eccafion,  therefore,  the  fulphur  is  decompofed ;  its  inflam- 
mable pare  is  diffipated  or  confumed ;  its  acid  combines  with 
the  iron*  and  a  Vitriol  arifes  from  that  conjunction. 

This 
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This  is  the  very  cafe  with  the  Pyrites  that  confift  only  of 
iron  and  fulphur;  yet  fome  of  them,  as  we  faid  before,  do 
not  efflorefce  fpontaneoufly  and  turn  to  Vitriol.  The  reafon 
probably  is,  that,  in  fuch  minerals,  the  particles  of  iron  and 
fulphur  are  not  intimately  mixed  together,  but  feparated  by 
fome  earthy  particles. 

In  order  to  procure  Vitriol  from  Pyrites  of  this  kind,  they 
muft  be  for  fome  time  expofed  to  the  action  of  fire,  which, 
by  confuming  part  of  their  fulphur,  and  rendering  their  tex- 
ture lefs  compact,  makes  way  for  the  air  and  moifture,  to 
which  they  muft  be  afterwards  expofed,  to  penetrate  their 
fubftance,  and  produce  in  them  the  changes  with  which  thofe 
others  are  affe£ted  that  germinate  fpontaneoufly. 

The  Pyrites  which  contain  copper  and  arfenic,  and  for 
that  reafon  do  not  efflorefce,  muft  likewife  undergo  the  action 
of  fire ;  which,  befides  the  effects  it  produces  on  Pyrites  that 
confift  of  iron  and  fulphur  only,  diffipates  alfo  the  greateft 
part  of  the  arfenic.  Thefe  Pyrites  being  firft  roafted,  and 
then  expofed  to  the  air  for  a  year  or  two,  do  alfo  yield  Vi- 
triol ;  but  then  it  is  not  a  pure  Vitriol  of  Iron,  but  is  com- 
bined with  a  portion  of  blue  Vitriol,  the  bails  of  which  is 
Copper. 

Sometimes  alfo  there  is  Alum  in  the  vitriolic  waters  drawn 
off  the  Pyrites.  It  was  on  account  of  this  mixture  of  differ- 
ent falts  that  we  recommended  the  keeping  apart  the  cryftals 
obtained  from  each  different  cryftallization  :  for  by  this 
means  they  may  be  examined  feparately,  and  the  fpecies  to 
which  they  belong  difcovered. 

When  Vitriol  of  Iron  is  adulterated  with  a  mixture  of  the 
Vitriol  of  Copper  only,  it  is  eafy  to  purify  it  and  bring  it  to 
be  entirely  martial,  by  diffolving  it  in  water,  and  fetting 
plates  of  iron  in  the  folution  :  for  Iron  having  a  greater  affi- 
nity than  copper  with  the  vitriolic  acid,  feparates  the  latter 
from  it,  and  affuming  its  place  produces  a  pure  Vitriol  of 
Mars, 

In  large  works  for  extracting  Vitriol  from  the  Pyrites  they 
proceed  thus.  They  collect  a  great  quantity  of  Pyrites  on  a 
piece  of  ground  expofed  to  the  air,  and  pile  them  up  in 
heaps  of  about  three  feet  high.  There  they  leave  them  ex- 
pofed to  the  action  of  the  air,  fun,  and  rain,  for  three  years 
together;  taking  care  to  turn  them  every  fix  months,  in  or- 
der to  facilitate  the  effiorefcence  of  thofe  which  at  firft  lay  un- 
dermoft.  The  rain-water  which  has  wafhed  thofe  Pyrites  is 
conveyed  by  proper  channels  into  a  ciftern ;  and  when  a  fuf- 
ficient  quantity  thereof  is  gathered,    they  evaporate  it  to  a 

X  pellicle; 
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pellicle  in  large  leaden  boilers,  having  firft  put  into  it  a  quan- 
tity of  iron,  fome  part  of  which  is  difiblved  by  the  liquor, 
"becaufe  it  contains  a  vitriolic  acid  that  is  not  fully  faturated 
therewith.  When  it  is  fufficiently  evaporated,  they  draw  it 
off  into  large  leaden  or  wooden  coolers,  and  there  leave  it  to 
moot  into  cryftals.  In  thefe  laft  veflels  feveral  flicks  are  pla- 
ced, eroding  each  other  in  all  manner  of  directions,  in  order 
to  multiply  the  furfaces  on  which  the  cryftals  may  faften. 

The  Pyrites  are  not  the  only  minerals  from  which  Vitriol 
may  be  procured.  All  the  ores  of  iron  and  copper  that  con- 
tain fulphur  may  alfo  be  made  to  yield  green  or  blue  Vitriol, 
according  to  the  nature  of  each,  by  torrefying  them,  and 
leaving  them  long  expofed  to  the  air :  but  this  ufe  is  feldom 
made  of  them,  as  there  is  more  profit  to  be  got  by  extracting 
the  metals  they  contain.  Befides,  it  is  eafier  to  obtain  Vi- 
triol from  the  Pyrites  than  from  thofe  other  mineral  fub- 
ftances. 


PROCESS    II. 

To  extraB  Sulphur  from  the  Pyrites >  and  other  fulphureous 
Minerals, 

REDUCE  to  a  coarfe  powder  any  quantity  of  yellow* 
Pyrites,  or  other  Mineral  containing  Sulphur.  Put 
this  powder  into  an  earthen  or  glafs  retort,  having  a  long 
wide  neck,  and  fo  large  a  body  that  the  matter  may  fill  but 
two  thirds  of  it.  Set  the  retort  in  a  fand-bath  fixed  over  a 
reverberating  furnace :  fit  to  it  a  receiver  half  full  of  water, 
and  fo  placed  that  the  nofe  of  the  retort  may  be  about  an 
inch  under  the  water:  give  a  gradual  fire,  taking  care  you 
do  not  make  it  fo  ftrong  as  to  melt  the  matter.  Keep  the 
retort  moderately  red  for  one  hour,  or  an  hour  and  half,  and 
then  let  the  veffels  cool. 

Almoft  all  the  Sulphur  feparated  by  this  operation  from 
its  matrix  will  be  found  at  the  extremity  of  the  neck  of  the 
retort,  being  fixed  there  by  the  water.  You  may  get  it  out. 
either  by  melting  it  with  fuch  a  gentle  heat  as  will  not  fet  it 
on  fire,  or  by  breaking  the  neck  of  the  retort. 

OBSERVATIONS. 

Of  all  minerals  the   Pyrites   contain   the   moft   Sulphur ; 
thofe  efpecially  which  have  the  colour  of  fine  brafs,  a  regular 
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form,  fuch  as  round,  cubical,  hexagonal,  and  being  broken 
prefent  a  number  of  fhining  needles,  all  radiating,  as  it 
were,  from  a  center. 

A  very  moderate  beat  is  fufficient  to  feparate  the  Sulphur 
they  contain.  We  directed  that  the  retort  employed  mould 
have  a  long  and  wide  neck,  with  a  view  to  procure  a  free 
paflage  for  the  Sulphur :  the  water  fet  in  the  receiver  detains 
the  Sulphur,  fixes  it,  and  prevents  it  from  %ing  off;  fo  that 
it  is  unneceflary  to  clofe  the  joints  of  the  veffels.  But  it  is 
proper  to  take  notice,  that  whenever  you  ufe  an  apparatus  for 
diftilling,  which  requires  the  beak  of  the  retort  to  be  under 
water,  it  is  of  very  great  confequence  that  the  fire  be  con- 
flantly  fo  regulated,  that  the  retort  may  not  cool  in  the  lead ; 
for,  in  that  cafe,  as  the  rarefied  air  contained  therein  would 
be  condenfed,  the  water  in  the  receiver  would  rife  into  the 
retort  and  break  it. 

If  in  diftilling  Sulphur,  according  to  the  prefent  procefs, 
the  matter  contained  in  the  retort  mould  happen  to  melt,  the 
operation  would  be  thereby  confiderably  protracted,  and  it 
would  require  a  great  deal  more  time  to  extracl:  all  the  Sul- 
phur j  becaufe  all  evaporation  is  from  the  furface  only,  and 
the  matter,  while  it  remains  in  a  coarfe  powder,  prefents  a 
much  more  extend ve  furface  than  when  it  is  melted. 

This  remark  holds  with  regard  to  all  other  diftiilations. 
Any  quantity  of  liquor,  fet  to  diftil  in  its  fluid  ftate,  will 
take  much  more  time  to  rife  in  vapours,  and  pafs  from  the 
retort  into  the  receiver,  than  if  it  be  incorporated  with  fome 
folid  body  reduced  to  minute  parts,  fo  that  the  whole  (hall 
make  a  moift  powder ;  and  this  though  the  very  fame  degree 
of  fire  be  applied  in  both  cafes. 

If  the  matter  from  which  it  is  propofed  to  extracl:  Sulphur 
be  fuch  as  will  melt  with  the  degree  of  fire  neceflary  to  this 
operation  ;  that  is,  with  a  heat  which  will  make  the  retort 
but  faintly  red,  it  muft  be  mixed  with  fome  fubflance  that  is 
not  fo  fufible.  Very  pure  coarfe  fand,  or  clean  gravel,  may  be 
ufed  with  fuccefs  :  but  abforbent  earths  are  altogether  impro- 
per for  this  purpofe,  becaufe  they  will  unite  with  the  Sul- 
phur. 

The  fulphureous  minerals  which  are  moft  apt  to  fufe  are 
the  cupreous  Pyrites,  or  yellow  copper  ores  :  common  lead 
ores  are  alio  very  fufible. 

The  Pyrites  are  by  this  operation  deprived  of  almoft  all 
the  Sulphur  they  contain  ;  and  confequently  little  is  left  be- 
hind, but  the  particles  of  iron  and  copper,  together  with  a 
portion  of  unmetallic  earth,  which  we  lhaH  (hew  how  to  fe- 
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parate  from  thefe  metals,  when  we  come  to  treat  of  them. 
I  fay  that  by  this  operation  the  Pyrites  are  deprived  of  almoft 
all,  and  not  entirely  of  all  their  Sulphur;  becaufe,  this  fepa- 
ration  being  made  in  clofe  veflels  only,  there  always  remains 
a  certain  quantity  of  Sulphur,  which  adheres  fo  obftinately 
to  the  metals,  that  it  would  be  aim  oft  impoffible  to  get  it  all 
out,  even  though  a  much  ftronger  fire  than  that  directed 
in  the  procefs  were  applied  for  this  purpofe,  and  though 
choice  had  been,  as  it  ought  to  be,  made  of  fuch  Pyrites,  or 
other  fulphureous  Minerals  as  part  moft  eafily  with  their  ful- 
phur.  Nothing  but  a  very  ftrong  fire  in  the  open  air  is  ca- 
pable of  carrying  it  wholly  off,  or  confuming  it  entirely. 

In  fever al  places  are  found  great  quantities  of  native  Sul- 
phur. The  Volcanoes  abound  with  it,  and  people  gather  it 
at  the  foot  of  thofe  burning  mountains.  Several  fprings  of 
mineral  waters  alfo  yield  Sulphur,  and  it  is  fometimes  found 
fublimed  to  the  vaulted  roofs  of  certain  Wells,  and  among  o- 
thers  in  one  at  Aix-la-Chapelle. 

The  Germans  and  Italians  have  large  works  for  extracting 
Sulphur  in  quantities  out  of  Pyrites,  and  other  minerals 
which  abound  therewith.  The  procefs  they  work  by  is  the 
lame  with  that  here  delivered;  but  with  this  difference  only, 
that  Sulphur  being  but  of  fmall  value  they  do  not  ufe  fo  ma- 
ny precautions.  They  content  themfelves  with  putting  the 
fulphureous  minerals  into  large  crucibles,  or  rather  earthen 
cucurbits,  which  they  place  in  the  furnace  in  fuch  a  manner 
that,  when  the  fulphureous  part  melts,  it  runs  into  vefTels 
filled  with  water,  and  is  thereby  fixed. 

The  Sulphur  obtained,  either  by  diftillatic.n  or  by  fimple 
fufion,  is  not  always  pure. 

When  it  is  obtained  by  diftillation,  if  the  matters  from, 
which  you  extract  it  contain  moreover  fome  other  minerals  of 
nearly  the  fame  volatility,  fuch,  for  inftance,  as  Arfenic,  or 
Mercury,  thefe  minerals  will  come  over  with  it.  This  is  ea- 
fily perceived  :  for  pure  fublimed  -Sulphur  is  always  of  a  beau- 
tiful yellow,  inclining  to  a  lemon  colour.  If  it  look  red,  or 
have  a  reddiih  call,  it  is  a  fign  that  fome  Arfenic  hath  rifen 
along  with  it. 

Mercury  fublimed  with  Sulphur  likewife  gives  it  a  red  co- 
lour; but  Sulphur  is  very  feldom  adulterated  with  this  me- 
tallic fubftance :  for  Arfenic  is  frequently  found  combined 
with  the  Pyrites,  and  other  fulphureous  minerals ;  whereas, 
on  the  contrary,  we  very  rarely  meet  with  any  Mercury  in 
them. 

But 
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But  if  Mercury  {houlcl  happen  to  rife  with  the  Sulphur  in 
diftillation,  it  may  be  difcovered  by  examining  the  fubli- 
mate;  which,  in  that  cafe,  will  have  the  properties  of  Cina- 
bar  :  on  being  broken  its  infide  will  appear  to  confift  of 
needles  adhering  laterally  to  each  other ;  its  weight  will  be  very 
confiderable ;  and,  laftly,  the  great  heat  of  the  place  where  it 
is  collected  will  furnifn  another  mark  to  know  it  by;  for,  as 
Cinabar  is  lefs  volatile  than  Arfenic  or  Sulphur,  it  faftens 
©n  places  too  hot  for  either  Sulphur  or  Arfenic  to  bear. 

Sulphur  may  alfo  be  adulterated  with  fuch  fixed  matters, 
either  metallic  or  earthy,  as  it  may  have  carried  up  along 
with  it  in  the  diftillation,  or  as  may  have  been  fublimed  by  the 
Arfenic,  which  has  a  ftill  greater  power  than  Sulphur  to  vo- 
latilize fixed  bodies. 

If  you  defire  to  free  the  Sulphur  from  mod  of  thefe  hete- 
rogeneous matters,  it  mult  be  put  into  an  earthen  cucurbit, 
and  fet  in  a  fand-bath.  To  the  cucurbit  mufl  be  fitted  one 
or  more  aludels,  and  fuch  a  degree  of  heat  applied  as  (hall 
but  jufh  melt  the  Sulphur;  which  is  much  lefs  than  that  ne- 
cefTary  to  feparate  the  Sulphur  from  its  matrix.  As  ibon  as 
the  Sulphur  is.  melted  it  will  fublime  in  lemon -coloured 
flowers,  that  will  flick  to  the  infides  of  the  aludels. 

When  nothing  more  appears  to  rife  with  this  degree  of 
heat,  the  vefTels  mufl  be  fuffered  to  cool.  At  the  bottom  of 
the  cucurbit  will  be  found  a  fulphureous  mafs,  containing 
the  greatefl  part  of  the  adventitious  matters  that  were  mixed 
with  the  Sulphur,  and  more  or  lefs  red  or  dark-coloured, 
according  to  the  nature  of  thofe  matters. 

When  we  come  to  treat  of  Arfenic  and  Mercury,  we  fhall 
give  the  methods  of  feparating  Sulphur  entirely  from  thofe 
metallic  fubflances. 


PROCESS     III. 

To  extradl  Alum  from  aluminous  Minerals. 

TAKE  fuch  minerals  as  are  known  or  fufpe£ted  to  con- 
tain Alum.  Expofe  them  to  the  air,  that  they  may  tf- 
florefce.  If  they  remain  there  a  year  without  any  fenfible 
change,  calcine  them,  and  then  leave  them  expofed  to  the 
air,  till  a  bit  thereof  being  put  on  the  tongue  imparts  an 
aftringent  aluminous  tafte. 

When  your  matters  are  thus  prepared,  put  them  into  a 
leaden  or  glafs  veflel;  pour  upon  them  thrice  their  weight 

of 
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of  hot  water;  boil  the  liquor;  filter  it;  and  repeat  thefe  ope- 
rations till  the  earth  be  fo  edulcorated  that  the  water  which 
comes  off  it  hath  no  tafte.  Mix  all  thefe  folutions  together, 
and  let  them  ftand  four  and  twenty  hours,  that  the  grofs 
and  earthy  parts  may  fettle  to  the  bottom ;  or  elfe  filter  the 
liquor :  then  evaporate  till  it  will  bear  a  new-laid  egg.  Now 
let  it  cool,  and  ftand  quiet  four  and  twenty  hours :  in  that 
time  fome  cryflals  will  (hoot,  which  are  mod  commonly  vi- 
triolic; for  Alum  is  rarely  obtained  by  the  firft  cryftalliza- 
tion.  Remove  thefe  vitriolic  cryflals :  if  any  cryftals  of 
Alum  be  found  amongft  them,  thefe  muft  be  diflblved  anew, 
and  fet  to  cryftallize  a  fecond  time  in  order  to  their  purifica- 
tion ;  becaufe  they  partake  of  the  nature  as  well  as  of  the 
colour  of  vitriol.  By  this  method  extract  all  the  Alum  that 
the  liquor  will  yield. 

If  you  get  no  cryftals  of  Alum  by  this  means,  boil  your 
liquor  again,  and  add  to  it  a  twentieth  part  of  its  weight  of 
a  ftrong  alkaline  lixivium,  or  a  third  part  of  its  weight  of 
putrefied  urine,  or  a  fmall  quantity  of  quick-lime.  Expe- 
rience and  repeated  trials  muft  teach  you  which  of  thefe 
three  fubftances  is  to  be  preferred,  according  to  the  particu- 
lar nature  of  the  mineral  on  which  you  are  to  operate.  Keep 
your  liquor  boiling,  and  if  there  be  any  alum  in  it,  there 
will  appear  a  white  precipitate  :  in  that  cafe  let  it  cool  and 
fettle.  When  the  white  precipitate  is  entirely  fallen,  decant 
the  clear,  and  leave  the  cryftals  of  Alum  to  moot  at  leifure, 
till  the  liquor  will  yield  no  more :  it  will  then  be  exceeding 
thick. 

OBSERVATIONS. 

Alum  is  obtained  from  feveral  forts  of  Minerals.  In 
fome  parts  of  Italy,  and  in  fundry  other  places,  it  efflorefces 
naturally  on  the  furface  of  the  earth.  There  it  is  fwept  to- 
gether with  brooms,  and  thrown  into  pits  full  of  water.  This 
water  is  impregnated  therewith  till  it  can  diflblve  no  more* 
Then  it  is  filtered,  and  fet  to  evaporate  in  large  leaden  vef- 
fels ;  and  when  it  is  fufficiently  evaporated,  and  ready  to 
fhoot  into  cryftals,  it  is  drawn  off  into  wooden  coolers,  and 
there  left  for  the  fait  to  cryftallize. 

In  aluminous  foils  there  are  often  found  fprings  ftrongly 
impregnated  with  Alum  :  fo  that  to  obtain  it,  the  water  need 
only  be  evaporated. 

In  the  country  about  Rome  there  is  a  very  hard  ftone, 
which  is  hewn  out  of  the  quarry  juft  like  other  ftones  for 
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building;  this  ftone  yields  a  great  deal  of  Alum.  In  order 
to  extract  it,  the  ftones  are  calcined  for  twelve  or  fourteen 
hours;  after  which  they  are  expofed  to  the  air  in  heaps,  and 
carefully  watered  three  or  four  times  a-day  for  forty  days  to- 
gether. In  that  time  they  begin  to  efflorefce,  and  to  throw 
out  a  reddifh  matter  on  their  furface.  Then  they  are  boiled 
in  water,  which  diflblves  all  the  Alum  they  contain,  and, 
being  duly  evaporated,  gives  it  back  in  cryftals.  This  is  the 
Alum  called  Roman  Alum. 

Several  forts  of  Pyrites  alfo  yield  a  great  deal  of  Alum. 
The  Englifh  have  a  ftone  of  this  kind,  which,  in  colour,  is 
very  like  a  flate.  This  ftone  contains  much  Sulphur,  which 
they  get  rid  of  by  roafting  it.  After  this  they  fteep  the  cal- 
cined ftone  in  water,  which  diflblves  the  Alum  it  contains, 
and  to  this  folution  they  add  a  certain  quantity  of  a  lye  made 
of  the  afhes  of  fea- weeds. 

The  Swedes  have  a  Pyrites  of  a  bright  golden  colour, 
variegated  with  filver  fpots,  from  which  they  procure  Sul- 
phur, Vitriol,  and  Alum.  They  feparate  from  it  the  Sul- 
phur and  the  Vitriol  by  the  methods  above  prefcribed.  When 
the  liquor  which  hath  yielded  Vitriol  is  become  thick,  and 
no  more  vitriolic  cryftals  (hoot  in  it,  they  add  an  eighth 
part  of  its  weight  of  putrefied  urine,  mixed  with  a  lye  made 
of  the  afhes  of  green  wood.  Upon  this  there  appears  and 
falls  to  the  bottom  a  copious  red  fediment.  They  decant 
the  liquor  from  this  precipitate,  and,  when  it  is  duly  evapo- 
rated, find  it  fhoot  into  beautiful  cryftals  of  Alum. 

What  hath  been  faid,  concerning  the  feveral  matrices 
from  which  Alum  is  obtained,  fufficiently  fhews,  that  it  is 
feldom  folitary  in  the  waters  with  which  aluminous  fubjects 
have  been  lixiviated.  It  is  almoft  always  accompanied  with 
a  certain  quantity  of  Vitriol,  or  other  faline  mineral  matters, 
which  obftrucl:  its  cryftallization,  and  prevent  its  being  pure. 
It  is  with  a  view  to  free  it  from  thefe  matters,  that  the  wa- 
ters impregnated  with  Alum  are  mixed  with  a  certain  quan- 
tity of  the  lye  of  fome  fixed  Alkali,  or  with  putrefied  urine, 
which  contains  much  volatile  Alkali.  Thefe  Alkalis  have 
the  property  of  decompounding  all  the  Neutral  falts  which 
have  for  their  bafis  either  an  abforbent  earth  or  a  metallic 
fubftance;  and  fuch  as  have  a  metallic  fubftance  for  their 
bafis  more  readily  than  thofe  whofe  bafis  is  an  earth.  Con- 
fequently,  if  they  are  mixed  with  a  liquor  in  which  both 
thefe  forts  of  falts  are  diflblved,  they  muft  decompound  that 
fort  whofe  bafis  is  metallic  fooner  than  the  other  whofe  bafis 
'is  an  earth.     This  is  what  comes  to  pafs  in  a   folution  of 
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Alum  and  Vitriol.  The  metallic  part  of  the  latter  is  fepa- 
rated  from  its  acid  by  the  Alkalis  when  mixed  with  that  fo- 
lution;  and  it  is  this  metallic  part,  which  is  generally  iron, 
that  appears  in  the  form  of  a  reddifh  precipitate,  as  above- 
mentioned. 

But  becaufe  Alkalis  decompound  alfo  thofe  Neutral  falts 
which  have  an  earth  for  their  bafis,  care  muft  be  taken  that 
too  much  thereof  be  not  added;  elfe  what  you  put  in, 
more  than  is  neceffary  to  decompound  the  vitriolic  falts  in 
yo'ur  liquor,  will  attack  the  Alum,  and  decompound  it  like^ 
wife. 

The  Alkali  made  ufe  of  to  promote  the  cryflallization  of 
the  Alum  joins  with  the  Vitriolic  Acid,  which  had  diffolv- 
ed  the  fubftances  now  precipitated,  and  therewith  forms  dif- 
ferent Neutral  falts  according  to  its  particular  nature.  If  the 
Alkali  be  a  lixivium  of  common  wood-afiies,  the  Neutral 
fait  will  be  a  vitriolated  Tartar;  if  a  lixivium  of  the  afhes 
of  a  maritime  plant  like  Soda,  the  Neutral  fait  will  be  a 
Glauber's  fait ;  if  putrefied  urine,  the  Neutral  fait  will  be  a 
vitriolic  Ammoniacal  fait.  Some  of  thefe  falts  incorporate 
with  the  Alum,  which  in  large  works  cryftallizes  in  vaft 
lumps :  and  hence  it  comes  that  fome  forts  of  Alum  when 
mixed  with  a  fixed  Alkali  fmell  like  a  volatile  Alkali. 

The  cryftals  of  Alum  are  o&aedral,  that  is,  they  are  fo- 
lids  with  eight  fides.  Thefe  odaedral  folids  are  triangular 
pyramids,  having  their  angles  cut  away,  fo  that  four  of  their 
iurfaces  are  hexagons,  and  the  other  four  triangles. 

Sulphur,  Vitriol,  and  Alum  are  the  three  principal  fub- 
je£t.s  in  which  we  certainly  know  that  the  univerfal  or  Vitri- 
olic Acid  particularly  refides,  and  from  which  we  extract  it 
when  we  want  to  have  it  pure.  For  this  reafon  we  thought 
it  proper,  before  we  treated  of  the  extraction  of  this  Acid, 
to  mew  the  method  of  feparating  thofe  matters  themfelves. 
from  the  other  minerals  out  of  which  we  obtain  them. 

Moreover,  all  the  other  matrices,  in  which  the  Vitriolic 
Acid  is  raoft  commonly  lodged,  may  be  referred  to  one  or 
other  of  the  matters  which  ferve  as  bafes  to  thefe  three  mi- 
nerals. 

To  Sulphur  we  may  refer  ail  combinations  of  the  Vitri- 
olic Acid  with  an  inflammable  matter:  but  we  muft  take 
care  not  to  confound  Sulphur  with  thofe  Bitumens  in  which 
the  Vitriolic  Acid  may  be  found  :  for  the  bafis  of  thofe  bi- 
tumens is  a  real  Oil ;  whereas  the  bafis  of  Sulphur  is  the 
pure  Phlogifton.  Yet  as  Oils  themfelves  contain  the  Phlo- 
gifton, which,  in  union  with  the  Vitriolic  Acid  forms  a.  true 
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Sulphur,  it  follows  that  fuch  bitumens  may  in  a  certain  re- 
fpe£t  be  claffed  with  Sulphur. 

The  fame  is  to  be  faid  of  Vitriol.  The  name  is  ufually 
given  to  fuch  combinations  only  as  are  formed  of  the  Vitri- 
olic Acid  with  Iron  or  Copper,  which  make  the  green  and 
blue  Vitriol ;  and  to  a  third  fpecies  of  Vitriol,  which  is 
white,  and  has  Zinc  for  its  bafis  :  but  as  the  Vitriolic  Acid 
may,  by  particular  combinations,  be  united  with  many  other 
metallic  fubftances,  all  fuch  Metallic  Salts  muft  be  referred 
to  the  clafs  of  Vitriols. 

The  fame  may  alfo  be  faid  of  Alum,  which  is  no  other 
than  a  combination  of  the  Vitriolic  Acid  with  a  particular 
kind  of  abforbent  earth;  {o  that  all  combinations  of  this 
Acid  with  any  earth  whatever  may  be  placed  in  the  fame 
clafs. 

This  laft  clafs  of  mixts  is  the  mod  extenfive  of  all  that 
contain  the  Vitriolic  Acid;  becaufe  there  are  a  vaft  many 
earths,  all  differing  from  one  another,  with  which  that 
Acid  may  be  united.  Alum  properly  fo  called,  the  Gyp- 
fums,  Talcs,  Selenites,  Boles,  and  all  the  other  compounds 
of  this  kind,  differ  from  each  other  only  in  their  particular 
earths. 

The  different  properties  of  thefe  earthy  falts  depend  on 
the  nature  of  their  bafes.  Thofe  which  are  of  the  alumi- 
nous kind  retain  much  water  in  cryftallizing,  which  makes 
them  very  foluble  in  water,  and  gives  them  the  property  of 
acquiring  readily  the  aqueous  fluor  when  expofed  to  the  fire. 
Thofe  which  are  of  the  nature  of  the  Selenites  admit  but  very 
little  water  in  their  cryftals,  and  consequently  are  almoft  in- 
foluble  in  water;  nor  does  the  fire  give  them  an  aqueous 
fluor.  Laftly,  the  Gypfums  and  Talcs  are  ftill  more  defti- 
tute  of  thefe  properties.  The  natures' of  the  earths  in  thefe 
feveral  compounds  are  hitherto  but  very  imperfectly  known, 
and  may  give  the  Chymifts  occafion  for  inquiries  equally  cu- 
rious and  ufeful. 

The  Vitriolic  Acid  is  fometimes  found  complicated  with 
a  fixed  alkaline  balis.  This  is  almofl  always  the  Alkali  of 
Sea-falt ;  fo  that  the  compound  is  a  Glauber's  Salt.  Some 
mineral  waters  are  impregnated  therewith  ;  which  happens 
when  thefe  waters  contain  Vitriol  or  Alum,  together  with 
Sea-falt. 

From  the  principles  laid  down,  in  our  Elements  of  the 
Theory,  it  appears  that  the  Vitriolic  Acid  hath  not  fo  great 
an  affinity  with  earthy  and  metallic  fubftances  as  with  fixed 
Alkalis;  and  alio  that  it  is  flronger  than   the  Marine  Acid, 
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and  hath  a  greater  affinity  with  fixed  Alkalis.  This  being 
allowed,  the  generation  of  native  Glauber's  Salts  is  eafily 
accounted  for.  The  Acid  of  aluminous  or  vitriolic  Salts 
quits  the  earth  or  the  metal  with  which  it  was  combined, 
and  expelling  the  Acid  of  Sea-falt  unites  with  its  bafis. 
"Warmth  greatly  promotes  thefe  decompofitions. 

If  the  common  foflil  fait,  ufually  called  Sal  Gem>  or  any 
other  kind  of  Sea-falt,  fhould  happen  to  be  near  a  Volcano, 
when  it  difcharges  flaming  Sulphur,  as  is-  frequently  the 
cafe,  and  if  this  Sulphur  fhould  run  among  the  Sea-falt,  a 
Glauber's  Salt  would  inftantly  be  formed  in  that  place  ;  be- 
caufe  when  Sulphur  burns,  its  Acid  is  feparated  and  fet  at 
liberty. 

Laftly,  if  aluminous  or  vitriolic  matters,  or  burning  Sul- 
phur, fhould  meet  with  the  afhes  of  plants  or  trees  confum- 
cd  by  fire,  a  vitriolated  Tartar  would  be  formed,  becaufe 
thefe  afhes  contain  a  fixed  Alkali  of  the  fame  nature  with 
that  of  Tartar. 

The  Vitriolic  Acid  when  combined  with  an  earthy  bafis 
adheres  flrongly  thereto;  fo  that  the  force  of  fire  is  able  to 
expel  very  little  or  none  of  it.  There  is  no  way  of  feparat- 
ing  it  from  fuch  a  bafis,  but  by  prefenting  to  it  an  Alkaline 
Salt,  with  which  it  will  unite  :  nor  is  it  ever  extracted  from 
fuch  matters  when  it  is  required  pure.  It  does  not  adhere 
fo  firmly  to  metallic  fubftances  ;  but  is  feparated  from  them 
by  the  force  of  fire  :  fo  that  it  may  be  obtained  from  the  fe- 
veral  forts  of  Vitriol.  It  is  ufually  drawn  from  Green  Vi- 
triol ;  that  being  the  commoneft  fort. 

As  to  Sulphur,  the  Phlogifton  which  is  its  bafis  being  the 
fubfrance  wherewith  the  Vitriolic  Acid  hath  the  greatefl  affi- 
nity, it  would  be  altogether  impoflible  to  decompofe  it,  and 
to  feparate  its  Acid,  if  it  were  not  inflammable;  but  by 
burcing  it  the  Phlogifton  is  deftroyed,  and  leaves  the  Acid 
at  liberty.  By  this  means  therefore  it  may  be  feparated.  We 
fhall  now  give  the  procefies  for  extracting  the  Acid  from 
Vitriol  and  Sulphur. 


PROCESS    IV. 

To  extratl  the  Vitriolic  Acid  from  Green  Vitriol, 

TAKE  any  quantity  of  Green  Vitriol :  put  it  in  an  un- 
glazed  earthen  veflel,  and  heat  it  gradually.     Vapours 
will  foon  begin  to  rife.     Increafe  the  fire  a  little,  and  it  will 
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liquefy  by  means  of  the  water  contained  in  it,  and  acquire 
what  we  called  an  aqueous  fluor.  Continue  the  calcination, 
and  it  will  become  lefs  and  lefs  fluid,  grow  thick,  and  turn 
of  a  greyifh  colour.  Now  raife  your  fire,  and  keep  it  up 
till  the  fait  recover  its  folidity,  acquire  an  orange  colour, 
and  begin  to  grow  red  where  it  immediately  touches  the 
fides  of  the  veflel.  Then  take  it  out,  and  reduce  it  to  pow- 
der. 

Put  the  Vitriol  thus  calcined  and  pulverized  into  a  good 
earthen  retort,  of  which  one  half  at  leaft  muft  remain  emp- 
ty. Set  the  retort  in  a  reverberatory  furnace  :  fit  thereto  a 
large  glafs  receiver,  and,  having  luted  the  joint  well,  give 
■fire  by  degrees.  You  will  foon  fee  white  clouds  rife  into  the 
receiver,  which  will  render  it  opaque,  and  heat  it.  Conti- 
nue the  fame  degree  of  fire  till  thefe  clouds  difappear  :  they 
will  be  fucceeded  by  a  liquor  which  will  trickle  down  the 
fides  of  the  receiver  in  veins.  Still  keep  up  the  fire  to  the 
fame  degree  as  long  as  thefe  veins  apppear.  When  they  be- 
gin to  abate,  increafe  the  fire,  and  pufh  it  to  the  utmoft  ex- 
tremity :  upon  this,  there  will  come  over  a  black,  thick  li- 
quor :  it  will  even  be  found  congealed,  and  prove  the  icy 
Oil  of  Vitriol,  if  care  hath  been  taken  to  change  the  receiv- 
er, keep  the  vefiels  perfectly  clofe,  and  give  a  fufficient  de- 
gree of  heat.  Proceed  thus  till  nothing  more  comes  over, 
or  at  leaft  very  little.  Let  the  vefiels  cool,  unlute  them, 
pour  the  contents  of  the  receiver  into  a  bottle,  and  feal  i{ 
hermetically. 

OBSERVATIONS. 

Green  Vitriol  retains  much  water  in  cryftallizing ;  and, 
in  order  to  free  it  from  that  fuperfluous  phlegm,  it  muft  be; 
calcined  before  you  diftil  it,  "Without  this  precaution  the 
operation  will  be  exceedingly  protracted,  and  a  great  deal  of 
time  wafted  in  diftilling  fuch  a  quantity  of  water ;  which 
will  moreover  greatly  weaken  the  Acid  by  commixing  with 
it,  unlefs  care  be  taken  to  change  the  recipient  as  foon  as  the 
water  is  all  come  over, 

But  there  is  alfo  another  advantage  in  calcining  the  Vi- 
triol before  you  put  it  into  the  retort :  for  otherwife  this  fait 
would  melt  on  the  firft  application  of  heat,  and  run  into  a 
mats;  which  would  prove  a  great  hindrance  to  its  diftillation, 
This  inconvenience  is  avoided  by  a  previous  calcination,  in 
conlequence  whereof  the  Vitriol  is  eafily  reduced  to  a  pow- 
der which  never  becomes  fluid. 

X  7  Vitriol 
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Vitriol  calcined  as  di reeled  in  the  procefs  grows  fo  hard, 
and  adheres  fo  firmly  to  the  vefTel  in  which  the  calcination  is 
performed,  that  it  requires  no  fmall  pains  to  feparate  and 
pulverize  it.  Care  mult  be  taken  to  put  it  into  the  retort  as 
foon  as  it  is  pulverized,  and  to  (lop  that  vefTel  very  clofe  if 
you  do  not  begin  the  diftillation  immediately  :  for  otherwife 
it  will  naturally  attract  from  the  air  almofl  all  the  moiftur§ 
it  hath  loft. 

The  Acid  which  Vitriol  yields  by  diftillation  is  fulphure- 
ous;  probably  becaufe  it  (till  retains  fome  of  the  Phlogifton, 
with  which  it  was  united  when  under  the  form  of  fulphur 
in  the  Pyrites;  or  die  hath  laid  held  on  a  portion  of  that 
belonging  to  the  iron  which  ferved  for  its  bafis  in  Vi- 
triol. But  this  fulphureous  part  is  volatile,  and  flies  off 
in  time. 

This  decompofition  of  Vitriol  in  clofe  vefTels  is  a  difficult 
and  laborious  procefs.  To  carry  the  operation  to  its  ut- 
moft  perfection  requires  a  fire  of  extreme  violence,  kept  up 
without  intermiihon  during  four  or  five  days;  fueh  in  fhort 
as  few  vefTels  are  able  to  bear.  Of  courfe  this  operation  is. 
feldom  performed  in  laboratories.  The  French  Chymifts 
fetch  their  Oil  of  Vitriol  from  Holland,  where  it  is  extract- 
ed from  Vitriol  in  large  quantities,  by  means  of  furnaces 
erected  for  the  purpofe,  in  which  many  retorts  are  employed 
at  once. 

In  the  Memoirs  of  the  Academy  of  Sciences  M.  Hellot 
hath  given  us  the  moft  material  circumftances  of  a  very  fine 
experiment  of  this  kind,  in  which  he  pufhed  the  diftillation 
of  Green  Vitriol  to  the  utmoft.  Into  a  German  retort  *  he 
put  fix  pounds  of  Green  Engliili  Vitriol  calcined  to  rednefs, 
which  he  expofed  to  a  fire  of  the  extremeft  violence,  con- 
ftantly  kept  up  during  four  days  and  four  nights.  At  the 
expiration  of  that  time  he  found  in  the  vefTels  employed  as 
receivers  an  Icy  Oil  of  Vitriol,  which  was  altogether  in  a 
cryftalime  form  and  black.  The  precautions  necefTary  to 
make  this  experiment  fucceed,  he  reprefents,  in  the  following 
terms. 

"  The  fuccefs  of  this  operation,  which  produces  an  Oil 
*<  of  Vitriol  perfectly  Icy  and  without  any  liquor,  depends 
£f  on  the  care  taken  to  prevent  the  acid  vapours,  driven  by" 
a  the  fire  out  of  Vitriol  calcined  to  rednefs,  from  having 
1*  any  communication  with  the  external  air  while  they  are 
ii  diftilling  :  for  otherwife  they  will  attract  from   it  a   moi= 

*  Th?y  are  much  the  heft,  and  bear  a  verv  fierce  heat. 

«  flu  re 
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(lure  which  will  keep  them  fluid  in  the  receiver.  The 
receiver  muft  be  at  fuch  a  diftance  from  the  furnace 
that  it  may  remain  cool  enough  for  the  vapours  to  con- 
denfe  in  it.  There  muft  alfo  be  fufficient  room  for  thofc 
vapours  to  circulate  in,  and  to  prevent  the  fulphureous 
explofions,  which  are  every  now  and  then  difcharged  out 
of  the  retort,  from  burfting  the  veffels  :  for  though  the 
previous  calcination  of  the  Vitriol  hath  carried  off  the 
mod  volatile,  yet  there  ftill  remains  enough  of  the  inflam- 
mable principle,  even  in  the  iron  itfelf,  to  form  a  Sulphur 
with  the  Acid  as  it  is  extricated,  or  at  lead  a  mixt  that 
would  be  as  apt  to  take  fire  as  common  Sulphur,  if  it  were 
nor.  over-dofed  with  the  Acid. 

"  As  the  befl  means  of  gaining  thefe  ends,  M.  Hellot 
contrived  to  adapt  to  the  neck  of  his  retort  a  receiver  with 
two  necks,  the  lowermoft  of  which  was  inferted  into  a 
large  ballon.  Receivers  applied  to  each  other  in  this  man- 
ner are  called  Adopters. 

"  It  is  no  eafy  matter  to  get  this  Icy  Oil  out  of  the  ballon : 
for  as  foon  as  the  air  touches  it  fuch  a  thick  cloud  of  ful- 
phureous fumes  arifes,  that  it  is  abfolutely  neceffary  to 
place  the  vefTel  on  fome  fhelf  over  head,  becaufe  a  man 
cannot  Hand  expofed  thereto  for  a  fingle  minute  without 
being  fuffocated." 
This  Icy  Acid  muit  be  fhut  up  with  all  poffible  expedition 
In  a  cryftal  bottle  accurately  clofed  with  a  glafs  (topple,  which 
fhould  be  ground  with  emery  in  its  neck  fo  as  to  fit  it  exact- 
ly: for  it  attracts  moifture  fo  powerfully,  that,  unlefs  ex- 
ceeding great  care  be  taken  to  prevent  all  communication 
with  the  external  air,  it  will  foon  difiblve  into  a  fluid. 

\6  The  Icy  Oil  is  black ;  becaufe  the  acid  vapours  carry 
«  over  with  them  fomething  of  a  greafy  matter,  from  which 
"  Vitriol  is  feldom  free,  and  which  always  appears,  after 
"  repeated  folutions  and  crystallizations  of  this  Salt,  in  thz 
"  mother-water  which  will  moot  no  more.  Now  the  feyall- 
"  eft  portion  of  inflammable  matter  prefently  blackens  the 
<c  moft  highly  rectified  Oil  of  Vitriol,  which  is  perfectly 
"  clear. 

"  The  Vitriolic  Acid,  when  forced  over  by  a  violent  heat, 
"  carries  along  with  it  fome  ferruginous  particles  alfo,  that 
K  want  nothing  but  to  be  united  with  a  phlogiiton  to  become, 
M  true  iron.  They  are  eafily  difcovered,  either  in  the  cora- 
"  mon  black  Oil  of  Vitriol,  or  in  the  blackifh  cryitals  of 
"  the  Icy  Oilj  by  only  diilolving  them  in  a  large  quantity  of 

«  diilifled 
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«  diflilled  water :  for  after  feven  or  eight  days  digeftion  a 
u  light  powder  or  downy  fediment  precipitates,  which  being 
"  calcined  in  a  violent  fire  is  partly  attracted  by  the  mag- 
"  net ;  and  being  again  calcined  with  bees-wax  becomes  al- 
"  moil:  entirely  iron." 

The  Caput  mortuum  of  this  diftillation  of  Vitriol  is  the 
ferruginous  earth  of  this  Salt,  and  is  called  Colcothar.  When 
this  Colcothar  hath  undergone  a  violent  fire,  as  in  the  expe- 
riment now  related,  fcarce  any  Acid  remains  therein.  Out 
of  fix  pounds  of  Vitriol  that  M.  Hellot  ufed,  he  could  reco- 
ver no  more,  by  lixiviating  what  was  left  in  the  retort,  than 
two  ounces  of  a  Vitriolic  Salt;  and  even  that  was  very 
earthy. 

If  Vitriol  be  expofed  to  a  fire  neither  fo  violent  nor  fo  long 
continued,  its  Colcothar  will  yield  a  greater  quantity  ©f  Vi- 
triol that  hath  not  been  decompofed.  A  white  cryftalline 
fait  is  alfo  obtained  from  it,  and  called  Salt  of  Colcothar ; 
which  is  no  other  than  the  fmall  portion  of  Alum  ufually 
contained  in  Vitriol,  and  not  fo  eafily  decompofed  by  the 
the  action  of  fire. 


PROCESS    V. 

To  decompofe  Sulphur,  and  extratl  its  Acid,  by  burning  it. 

TAKE  any  quantity  of  the  pureft  Sulphur:  fill  therewith 
a  crucible  or  other  earthen  difh  :  heat  it  till  it  melts ; 
then  fet  it  on  fire,  and,  when  its  whole  furface  is  lighted, 
place  it  under  a  large  glafs  head,  taking  care  that  the  flame 
of  the  Sulphur  do  not  touch  either  its  fides  or  bottom ;  that 
the  air  have  free  accefs,  in  order  to  make  the  Sulphur  burn 
clear ;  and  that  the  head  incline  a  little  toward  the  fide  on 
which  its  beak  is,  that,  as  the  vapours  condenfe  therein,  the 
jiquor  may  run  off  with  eafe.  To  the  beak  of  this  vefiel  fit 
a  receiver  :  the  fumes,  of  the  lighted  fulphur  will  be  condenf- 
ed,  and  gather  into  drops  in  the  head,  out  of  which  they 
will  run  into  the  receiver.  There,  when  the  Sulphur  has 
done  burning,  you  will  find  an  Acid  liquor,  which  is  the 
Spirit  of  Sulphur. 

OBSERVATIONS. 

In  the  burning  of  Sulphur,  the  Phlogifton  which  ferves 
for  its  bafis  is  diffipated,  and  feparated  from  the  acid  which 

is 
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is  left  at  liberty.  The  acid  fumes  which  rife  from  the  light- 
ed fulphur  ftrike  againft  the  infide  of  the  head  placed  over  it, 
are  there  condenfed,  and  appear  in  the  form  of  a  liquor. 
But  as  Sulphur,  like  all  other  inflammable  bodies,  Nitre  ex- 
cepted, will  not  burn  in  dofe  vefTels,  it  is  neceflary  that  the 
air  be  freely  admitted  here ;  which  occafions  the  lofs  of  a 
great  deal  of  the  Acid  of  the  Sulphur,  as  is  evident  from  the 
pungent  fuffocating  fmell  perceived  in  the  laboratory  during 
the  operation. 

This  Acid,  while  combined  with  the  Phlogifton,  is  inca- 
pable of  contracting  any  union  with  water ;  but  when  alone 
is  very  apt  to  mix  therewith :  it  is  even  proper  to  put  fome 
in  its  way,  that  it  may  incorporate  therewith  as  foon  as  it  is 
difcharged  from  the  Sulphur;  for  it  is  then  very  free  from 
phlegm,  .very  volatile,  and  confequently  very  little  difpofed 
to  condenfe  into  a  liquor,  but,  on  the  contrary,  very  apt  to  fly 
off  in  vapours.  The  water,  which  it  imbibes  with  a  kind  of 
avidity,  fixes  and  detains  it ;  fo  that  by  this  means  a  much 
greater  quantity  thereof  is  obtained  from  Sulphur,  than  if  it 
were  diftilled  without  this  precaution. 

It  is  proper,  therefore,  now  and  then,  to  introduce  a  difli 
full  of  hot  water  under  the  head  which  receives  the  fumes  of 
the  Sulphur.  The  vapours  that  exhale  from  the  watiiMiP^ 
dew  the  infide  of  the  head,  and  procure  the  advantage  we 
are  fpeaking  of. 

The  fame  thing  may  be  effected  feveral  other  ways :  thus, 
the  crucible  containing  the  Sulphur  may  be  fet  on  a  foot  pla- 
ced in  an  earthen  dim  with  fome  water  in  it;  which,  how- 
ever, mull  not  rife  above  the  foot ;  for  if  it  mould  reach  the 
crucible,  it  might  cool  and  fix  the  fulphur.  The  dim  thus 
prepared  muft  be  placed  on  a  fand-bath  hot  enough  to  make 
the  water  fmoke  continually;  and  over  all  is  to  be  placed  the 
head  as  directed  in  the  procefs. 

The  fize  and  form  of  the  veffel  which  immediately  receives 
the  fulphureous  fumes  may  alfo  contribute  to  increafe  the 
quantity  of  the  Acid  Spirit.  A  very  large  veffel,  with  a  hole 
at  bottom  no  wider  than  is  juft  fufficient  to  admit  the 
vapours,  is  the  propereft  for  this  operation. 

After  the  Sulphur  has  burnt  for  fome  time,  it  often  hap- 
pens that  a  fort  of  fkin  or  cruft  forms  on  its  furface,  which  is 
not  inflammable,  but  gradually  leffens  the  quantity  and  vi- 
gour of  the  flame  as  it  increafes  in  thicknefs,  and  at  laft  puts 
it  quite  out.  This  cruft  proceeds  from  the  impurities,  and 
heterogeneous  uninflammable  particles  contained  in  the  ful- 
phur. 
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phur.  Care  muft  be  taken  to  remove  it  with  an  iron  wire  as 
fail  as  it  forms. 

Two  quantities  of  fulphur  may  alfo  be  kept  in  two  cruci- 
bles, and  heated  alternately.  That  in  which  the  Sulphur  is 
hot  and  melted  may  be  fubflkuted  for  the  other  in  which  the 
Sulphur  is  grown  cold  and  fixed ;  becaufe  cold  Sulphur  does 
not  burn  well. 

The  Spirit  of  Sulphur  is  at  firft  pungent  and  volatile,  be- 
caufe it  flill  retains  a  fmall  portion  of  the  Phlogifton  :  but 
that  fulphureous  part  flies  off,  efpecially  if  the  bottle  in  which 
the  Spirit  is  kept  be  left  for  fome  time  unftopped. 

The  Acid  obtained  from  Sulphur  appears  by  all  chymical 
proofs  perfectly  like  that  obtained  from  Vitriol :  they  differ 
in  this  only,  that  the  former  is  the  pureft ;  for  the  Acid  ob- 
tained from  Vitriol  carries  over  with  it  fome  metallic  parts, 
as  we  obferved  before,  which  can  never  happen  to  (hat  ob- 
tained from  Sulphur. 

If  linen  rags  dipped  in  a  folution  of  Fixed  Alkali  be  ex- 
pofed  to  the  fumes  of  burning  brimftone,  the  Spirit  of  Sul- 
phur joins  with  the  Alkali,  and  therewith  forms  a  Vitriolat- 
ed  Tartar.  This  Salt  is  known  to  be  formed  when  the  rags 
grow  ftiff,  and  appear  fpangled  with  a  vaft  many  glittering 
points,  which  are  nothing  but  little  cryftals  of  the  Salt  we 
arefpeaking  of. 

When  the  Sulphur  burns  very  gently  and  llowly  the  Spirit 
that  exhales  from  it  is  fo  much  the  more  fulphureous  and  vo- 
latile: and  hence  the  Salt  formed  by  the  combination  of  this 
Spirit  with  the  x^lkali  expofed  to  it  in  linen  rags,  as  in  the 
above-mentioned  experiment,  is  not  at  fir/l  a  Vitriolated 
Tartar ;  but  a  Neutral  Salt  of  a  particular  kind,  which  is 
capable  of  being  decompofed  by  any  other  Mineral  Acid,  the 
fulphureous  Acid  having  lefs  affinity  than  any  of  the  reft 
with  Alkalis.  Neverthelefs,  this  Salt  becomes  in  time  a  true 
Vitriolated  Tartar,  becaufe  the  fulphureous  part  which  weak- 
ened its  Acid  eafily  quits  it  and  flies  off. 


PROCESS     VI. 

To  concentrate  the  Vitriolic  Acid. 

rT^  AKE  the  Vitriolic  Acid  you  intend  to  concentrate,  that 
t      is,  to  dephlegmate  and  make  ftronger  :  pour  it  into  a 
good  glafs  retort,  of  fuch  a  fize  that  your  quantity  of  Acid 
may  but  half  fill  it :  fet  this  retort  in  the  fand-bath  of  a  re- 
verberating 
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"verberating  furnace :  fit  to  it  a  receiver;  lute  it  on,  and  give 
a  gradual  fire.  There  will  come  over  into  the  receiver  a  clear 
Jjquor,  the  firft  drops  of  which  will  be  but  faintly  acid :  this 
is  the  moft  aqueous  part. 

When  the  drops  begin  to  follow  one  another  much  more 
flowly,  raife  your  fire,  till  the  liquor  begin  to  bubble  a  little 
in  the  middle.  Keep  it  thus  gently  boiling,  till  one  half  or 
two  thirds  thereof  be  come  over  into  the  receiver.  Then  let 
your  vefTels  cool ;  unlute  them  ;  what  remains  in  the  retort 
pour  into  a  cryftal  bottle,  and  flop  it  exaclly  with  a  glafs 
fiopple  rubbed  with  emery. 

OBSERVATIONS. 

The  Acid  obtained  from  Sulphur  is  generally  very  aque- 
ous; either  becaufe  in  preparing  it  water  muft  neceffarily  be 
adminiftered,  that  it  may  unite  therewith  as  it  feparates  from 
the  Sulphur ;  or  becaufe  it  is  fo  greedy  of  moifture  as  to  at- 
tract a  great  deal  from  the  air,  which  muft  needs  be  admit- 
ted to  make  the  Sulphur  burn. 

The  Acid  obtained  from  Vitriol,  excepting  that  which  ri- 
fes laft,  is  alfo  mixed  with  a  pretty  considerable  quantity  ot 
phlegm;  becaufe  the  Vitriol,  though  calcined,  ftill  retains  a 
great  deal  thereof,  which  rifes  with  the  Acid  in  diflillation. 
Now,  as  there  are  many  chymical  experiments  that  will  n.oc 
fucceed  without  Acids  exceedingly  dephlegmated,  it  is  pro- 
per to  have  in  a  laboratory  all  the  Acids  thus  conditioned  £ 
becaufe  if  they  happen  to  be  too  ftrong  for  particular  opera- 
tions, as  is  ibmetimes  the  cafe,  it  is  very  eafy  to  lower  them 
to  the  defired  degree,  by  adding  a  funicient  quantity  of 
water. 

The  Vitriolic  Acid  is  much  heavier  and  much  lefs  volatile 
than  water.  If  therefore  a  mixture  of  thefe  two  liquors  be 
expofed  to  the  fire,  the  aqueous  part  will  rife  with  a  degree 
of  heat  which  is  not  able  to  carry  up  the  Acid  :  by  this 
means  they  may  be  feparated  from  each  other;  and  thus  is 
the  Vitriolic  Acid  concentrated. 

Neverthelefs,  as  this  Acid  combines  mofl:  clofely  with  wa~ 
ter,  and  is  in  a  manner  ftrongly  connected  with  it,  the  wa- 
ter carries  up  fome  portion  thereof  along  with  it;  and  hence 
it  comes,  that  the  liquor  which  rifes  into  the  receiver  is  acid : 
it  is  called  Spirit  of  Vitriol 

As  the  fire  carries  off  the  mofl  aqueous  part,  the  other 
which  remains  in  the  retort  increafes  in  fpecific  gravity.  The 
Acid  particles  are  brought  nearer  together,  retain  the  aque- 
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ous  particles  more  obftinately,  and  therefore  to  feparate  them 
the  degree  of  heat  muft  be  increafed. 

It  is  ufual  to  draw  off  one  half  or  two  thirds  of  the  liquor 
that  wdrS  put  into  the  retort :  but  this  depends  on  the  degree 
of  ftrength  the  Acid  was  of  before  concentration,  and  the 
degree  of  concentration  intended  to  be  given  it. 

If  the  Acid  to  be  concentrated  be  Qil  of  Vitriol,  from  be- 
,ing  brown  or  black  it  grows  clearer  as  the  operation  advances, 
and  at  laft  becomes  perfectly  colourlefs  and  transparent ;  be- 
caufe  the  fat  matter  which  tinged  it  black  is  diffipated  dur- 
ing the  prpcefs.  Some  of  it  depofites  a  white  cry  flail  ine 
earth. 

A  fulphureous  fmell  is  generally  perceived  about  the  vef- 
fels  in  this  operation.  This  arifes  from  a  fmall  portion  of 
the  Phlogifton  from  which  the  Acid  is  not  free ;  and  it  is 
this  inflammable  matter  which  gives  the  Oil  of  Vitriol  its 
black  colour  :  for  the  cleared  and  bell  rectified  Oil  of  Vitiioi 
will  become  brown,  and  even  black,  in  a  fhort  time,  if  any 
inflammable  matter,  though  in  a  very  fmall  quantity,  be  dif- 
iblved  therein. 

The  vefTels  are  luted  in  this  operation,  to  prevent  any  lofs 
pf  the  Spirit  of  Vitriol,  which  being  very  acid  is  of  ufe  in 
many  chymical  experiments,  and  may  itfelf  alfo  $e  again. 
Concentrated. 

We  obferved,  that  in  this  operation  it  is  necefTary  the  re- 
tort mould  be  of  very  good  glafs.  Indeed  the  Acid  is  fo  ac- 
tive, and  fo  llrong,  that  if  the  glafs  be  tender  and  have  a 
little  too  much  fait  in  its.  compofition,  it  will  be  fo  corroded 
thereby  that  it  will  fall  to  pieces. 

Though  we  directed  the  retort  to  be  fet  in  a  fand-bath  for 
this  operation,  it  does  not  follow  that  it  may  not  alfo  be  pla- 
ced in  a  naked  fire :  on  the  contray,  when  the  heat  is  not 
conveyed  through  a  bath  the  operation  advances  fafler,  and 
is  much  lets  tedious.  But  then  great  caution  mult  be  ufed, 
and  the  clofeft  attention  given  to  the  managment  of  the  fire, 
which  muft  be  railed  by  almoft  imperceptible  degrees,  efpe- 
cially  at  the  beginning  of  the  operation ;  otherwife  it  is  next 
to  a  certainty  that  the  vefTels  will  break.  In  general,  a  na- 
ked fire  may  be  employed  in  almoft  all  diftiilations  which  re- 
quire a  greater  degree  of  heat  than  that  of  boiling  water,  or 
the  halneum  marice  :  the  operation  will  be  fooner  finifhed ; 
but  it  requires  an  experienced  hand,  that  has  by  practice  ac- 
quired a  habit  of  governing  the  fire  with  judgment. 

There  is  moreover  another  advantage  in  not  ufing  the 
ftnd-batji  \  which  is,  that  if  in  the  time  of  the  operation  you 

perceive 
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perceive  the  fire  too  fierce,  you  can  quickly  check  it,  either 
by  (topping  clofe  all  the  apertures  of  the  furnace,  or  by  draw- 
ing out  all  or  part  of  the  lighted  coals'.  This  inconvenience 
is  not  near  fo  eafily  remedied  when  you  ufe  the  fand-bath  ; 
becaufe  when  once  heated  it  retains  its  heat  very  long  after 
the  fire  is  quite  extinguifhed; 


PROCESS    VII. 

To  decompbfe  Vitriolated  Tartar  by  means  of  the  Phlogtjion  ; 
or  to  cemp'ofe  Sulphur  by  combining  the  Vitriolic  Acid  with 
the  Phlogifton. 

TAKE  equal  parts  of  Vitriolated  Tartar,  and  very  dry 
Salt  of  Tartar,  feparately  reduced  to  powder ;  add  an 
eighth  riart  of  their  weight  of  charcoal-duff. ;  and  mix  the 
whole  together  very  accurately-.  Throw  this  mixture  into  a 
red-hot  crucible^  placed  in  a  furnace  filled  with  burning 
coals.  Cover  it  very  elofe,  and  keep  it  very  hot;  till  the 
mixture  melt,  which  may  be  known  by  uncovering  the  cru- 
cible from  time  to  time.  There  will  then  appear  a  bliieifh 
flame;  accompanied  with  a  pungent  fmell  of  Sulphur. 

Take  the  crucible  out  of  the  fire  :  diflblve  its  contents  iti 
hot  water :  filter  the  folution  through  brown  paper  fupported 
by  a  glafs  funnel :  drop  into  the  filtered  liquor  by  little  and 
little  any  Acid  whatever.  As  you  add  the  acid  the  liquor 
Will  grow  more  and  more  turbid,  and  let  fall  a  grey  precipi- 
tate. Continue  dropping  in  more  Acid  till  the  liquor  will 
yield  no  more  precipitate.  Filter  it  a  feeond  time;  to  fepa- 
rate  it  from  the  precipitate:  what  remains  on  the  filter  is  a 
true  inflammable  Sulphur,  which  you  may  either  melt  or 
iublime  into  flowers. 

OBSERVATIONS. 

ALL  bodies  that  contain  the  Vitriolic  Acid  may  contri- 
bute, as  well  as  Vitriolated  Tartar;  to  the  generation  of  Sul- 
phur :  fo  that  all  the  neutral  falts  in  which  this  Acid  is  a  prin- 
ciple, the  Alums;  Selenites,  Gypfums,  Vitriols,  may  be  fub- 
flituted  for  it  in  this  experiment.  All  thefe  matters,  with 
the  addition  of  charcoal-duft  only,  being  fufed  in  a  crucible, 
conftantly  produce  Sulphur;  becaufe  the  Vitriolic  Acid  hav- 
ing a  greater  affinity  with  the  Phlogifton  than  with  any  thing 

Z  2  elfe, 
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elfe,  will  quit  its  bafis,  whatever  it  be,  to  join  with  the  Phlo- 
gifton  of  the  charcoal,  and  therewith  form  a  Sulphur. 

The  fixed  Alkali  added  thereto  helps  to  promote  the  fufion 
of  the  ingredients,  which  is  neceffary  for  efrecling  the  defired 
combination.  It  alfo  ferves  to  unite  with  the  Sulphur,  when 
formed ;  and  thus  makes  the  combination  called  Liver  of 
Sulphur^  which  prevents  the  Sulphur  from  being  confumed 
as  foon  as  formed  :  for  the  fixed  Alkalis,  which  are  incom- 
buftible,  hinder  Sulphur  from  burning  fo  eafily  as  it  would 
do  if  they  were  not  joined  with  it.  They  may  afterwards 
be  feparated  from  each  other,  by  the  means  of  any  Acid 
whatever. 

This  procefs,  in  which  Sulphur  is  regenerated  by  re-com- 
bining together  the  principles  of  which  it  was  originally 
compofed,  is  one  of  the  mod  beautiful  experiments  that  mo- 
dern Chymiftry  hath  produced.  We  are  indebted  for  it  to 
M.  Stahl ,  and  Dr.  Geoffroy  hath  given  a  particular  account 
of  it  in  the  Memoirs  of  the  Academy  of  Sciences. 

Before  thefe  gentlemen  Glauber  and  Boyle  had  indeed 
publiihed  methods  of  producing  Sulphur,  Glauber  made  ufe 
of  his  Sal  mirabile  and  powdered  charcoal :  Boyle  employed 
the  Vitriolic  Acid  and  Oil  of  Turpentine.  But  neither  of 
thofe  Chymifts  underftood  the  true  theory  of  their  operations: 
they  did  not  thoroughly  know  the  principles  of  Sulphur: 
they  did  not  imagine  they  had  compofed  Sulphur:  they 
thought  they  only  extracted  what  they  fuppofed  to  exift  pre- 
vioufly  in  the  matters  they  employed  in  their  experiments. 

M.  Stahl  was  the  firft  who  discovered  and  explained  the 
nature  of  Sulphur,  and  proved  that  in  Glauber's  and  Boyle's 
experiments  Sulphur  was  acxually  produced,  by  uniting  to- 
gether the  principles  of  which  it  is  conftituted.  This  beau- 
tiful experiment  gives  the  ftrongeft  luftre  of  evidence  to  the 
theory  of  the  composition  of  that  mixtj  which  a£ts  fuch  a 
capital  part  in  Chymiftry.;  and  it  can  no  longer  be  doubted, 
that  Sulphur  is  actually  a  combination  of  the  Vitriolic  Acid 
with  the  Phlogifton. 

Befides  this  important  truth,  our  procefs  for  compoMng 
Sulphur  by  art  proves  feveral  others  that  are  equally  efTential 
and  fundamental. 

The  firft  is,  that  the  Vitriolic  Acid  hath  a  greater  affinity 
with  the  Phlogifton  than  with  any  other  thing,  feeing  it  quits 
metallic  and  earthy  fubftances,  as  well  as  Alkaline  falts,  in 
order  to  combine  therewith. 

The  fecond  is,  that  Sulphur  combines  with  fixed  Alkalis 
without  fuffering  any  decompofition ;  feeing  it  may  be  fepa- 
rated 
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rated  from  them  entire  and  unaltered ;  and  feeing  that  very 
Sulphur,  which  is  naturally  indiflbluble  in  water,  is  render- 
ed foluble  therein  by  the  union  it  hath  contracted  with  the 
fixed  alkali. 

The  third  is,  that  the  Vitriolic  Acid,  which,  when  it  is 
pure,  hath  the  greatefl  affinity  with  Alkalis  of  any  Acid 
whatever,  lofes  a  great  deal  of  that  affinity  by  contracting  an 
union  with  the  Phlogifton ;  feeing  the  weakcft  acids  are  ca- 
pable of  decompofing  the  Liver  of  Sulphur,  and  feparating 
the  Sulphur  from  the  Alkali.  And  this  alfo  confirms  one  of 
the  general  propofitions  concerning  affinities  advanced  in  our 
theory;  to  wit,  that  the  affinities  of  compound  or  mixed 
fubftances  are  weaker  than  thofe  of  the  fr.me  fubftances  in  a 
purer  or  more  fimple  ftate. 


CHAP.        II. 

Of  ^Nitrous    Acid. 

PROCESS     I. 

To  extratl  Nitre  out  of  nitrous  Earths  and  Stones.     The 
Purification  of  Salt-petre.    Mother  of  Nitre.    Magnefia. 

TAKE  any  quantity  of  nitrous  earths  or  ftones ;  reduce 
them  to  powder ;  and  therewith  mix  a  third  part  of 
the  afhes  of  green-wood  and  quick-lime.  Put  this  mixture 
into  a  barrel  or  vat,  and  pour  on  it  hot  water  to  about  twice 
the  weight  of  the  whole  mafs.  Let  it  (land  thus  for  twenty- 
four  hours,  ftirring  it  from  time  to  time  with  a  flick.  Then 
filter  the  liquor  through  brown  paper,  or  pafs  it  through  a 
flannel  bag,  till  it  come  clear  :  it  will  then  have  a  yellowifh 
colour.  Boil  this  liquor,  and  evaporate  till  you  perceive 
that  a  drop  of  it  let  fall  on  any  cold  body  coagulates.  Then 
flop  the  evaporation,  and  fet  your  liquor  in  a  cool  place.  In 
the  fpace  of  four  and  twenty  hours  cryftals  will  be  formed  in 
it,  the  figure  of  which  is  that  of  an  hexagonal  prifm,  hav- 
ing its  oppofite  planes  generally  equal,  and  terminated  at 
each  extremity  by  a  pyramid  of  the  fame  number  of  fides. 
Thefe  cryftals  will  be  of  a  brownim  colour,  and  deflagrate, 
on  a  live  coa^. 

Decant 
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Decant  the  liquor  from  thefe  cryftals;  mix  it  with  twice1 
its  weight  of"  hot  water;  evaporate  and  cryftallize  as  before. 
Repeat  the  fame  operation  till  the  liquor  will  yield  no  more 
cryflals :  it  will  then  be  very  thick,  and  goes  by  the  name  of 
Mother  of  Nitre, 

OBSERVATIONS. 

Earths  and  (tones  that  have  been  impregnated  with 
animal  or  vegetable  juices  fufceptible  of  putrefaction,  and 
liave  been  long  expofed  to  the  air,  but  fheltered  from  the 
fun  and  rain,  are  thofe  which  yield  the  greateft  quantity  of 
Nitre.  But  ail  fopts  of  earths,  and  ftones  are  not  equally  fit 
to  produce  it.  None  is  ever  found  in  flints  or  fands  of  a 
cryftalline  nature. 

Some  earths  and  ftones  abound  fo  with  Nitre,  that  it  ef- 
fiorefces  fpontaneouily  on  their  furface,  in  the  form  of  a  cry- 
ftalline down.  This  Nitre  may  be  collected  with  brooms, 
and  accordingly  has  the  name  of  Salt-petre  Sweepings. 
Some  of  this  fort  is  brought  from  India. 

Hitherto  we  are  much  in  the  dark  as  to  the  origin  and  ge- 
neration of  Nitre.  Some  Chymifts  pretend  that  the  Nitrous 
Acid  is  diffufed  through  the  air,  and  gradually  depofited  in 
fuch  earths  and  ftones  as  are  qualified  to  receive  it. 

Others,  confidering  that  none  of  it  is  ever  obtained  but 
from  earths  that  have  been  impregnated  with  vegetable  or 
animal  juices,  have  from  thence  concluded  thofe  two  king- 
doms to  be  the  general  repositories  of  the  Nitrous  Acid  j 
that  if  we  do  not  perceive  it  to  exift  in  fuch  matters  at  all* 
or  at  leaft  in  any  great  quantity,  till  they  haVe  undergone 
putrefaction,  and  are  in  fome  meafure  incorporated  with 
fuitabie  earths  and  ftones,  it  is  becaufe  the  Acid  is  fo  en- 
tangled with  heterogeneous  particles  that  it  requires  the  af- 
fiftance  of  putrefaction,  and  much  more  of  filtration  through 
an  earth,  to  difengage  it,  and  enable  it  to  appear  in  its  pro- 
per nature. 

Laftly,  others  are  of  opinion  that  this  Acid  is  no  other 
than  the  univerfal  or  Vitriolic  Acid ;  difguifed  indeed  by  a 
portion  of  the  Phlogilton,  which  is  combined  with  it  in  a 
peculiar  manner  by  the  means  of  putrefaction*  They  ground 
this  opinion  chiefly  on  the  analogy  or  refemblance  which, 
they  find  between  the  Nitrous  Acid  and  the  Volatile  Sul- 
phureous Spirit.  Its  volatility,  its  pungent  fmell,  its  pro- 
perties of  taking  fire,  and  of  deftroying  the  blue  and  violet 
colours  of  vegetables,  ferve  them  as  fo  many  proofs. 

Their 
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Their  opinion  is  the  more  probable  on  this  account,  that 
even  though  the  Nitrous  Acid  fhould  actually  be  produced 
by  vegetable  and  animal  fubftances,  yet  as  thcfe  fuhftan* 
es  themfelves  draw  all  their  component  principles  from  the 
earth,  and  as  the  Vitriolic  Acid  is  diffufed  through  all  the 
foils  which  afford  them  nourifhment,  there  is  great  reafon  to 
think  that  the  Nitrous  Acid  is  no  other  than  the  Vitriolic 
Acid  altered  by  the  changes  and  combinations  it  hath  un- 
dergone in  its  paiTage  into  and  through  thole  fubftances.  In 
1750  the  Royal  Academy  of  Sciences  at  Berlin  propofed  an 
account  of  the  generation  of  Nitre  as  the  fubjecfc  for  their 
prize,  which  was  conferred  on  a  Memoir  wherein  this  laft 
Opinion  was  fupported  by  fome  new  and  very  judicious  ex- 
periments. 

The  procefs  by  which  our  Salt-petre  makers  extract  Nitre 
in  quantities,  out  of  rubbifh  anci  nitrous  earths,  is  very  near* 
Jy  the  fame  with  that  here  let  down;  fp  that  I  mall  not  enter 
into  a  particular  account  of  it.  I  mail  only  take  notice  of 
one  thing,  which  it  is  of  fome  confequence  to  know  ;  name- 
ly, that  there  is  no  nitrous  earth  which  does  not  contain  fea- 
falt  alfo.  The  greateft  quantities  of  this  fait  are  to  be  found 
in  thofe  earths  which  have  been  drenched  with  urine,  or 
Other  animal  excrements.  Now  as  the  rubbifh  of  old  houfes 
in  great  cities  is  in  this  clafs,  it  comes  to  pafs  that  when  the 
Salt-petre  workers  evaporate  a  nitrous  lixivium  drawn  from 
that  rubbifh,  as  foon  as  the  evaporation  is  brought  to  a  cer- 
tain pitch,  a  great  many  little  cryftals  of  fea-falt  form  in  the 
liquor,  and  fall  to  the  bottom  of  the  vefiel. 

The  Salt-petre  workers  in  France  call  thefe  faline  particles 
the  Grain,  and  take  care  to  feparate  them  from  the  liquor 
(which,  as  long  as  it  continues  hot,  keeps  the  falt-petre  dif-» 
folved)  before  they  fet  it  to  cryftallize.  This  fadt  feems  a 
little  lingular,  confidering  that  fea-falt  diffoives  in  water 
more  eafdy  than  falt-petre,  and  cryftallizes  with  more  diffi- 
culty. 

In  order  to  difcover  the  caufe  of  this  phenomenon,  ws 
rouft  recollect  fome  truths  delivered  in  our  theoretical  Ele- 
ments. The  firft  is,  that  water  can  keep  but  a  determinate 
quantity  of  any  fait  in  folution,  and  that  if  water  fully  fa- 
turated  with  a  fait  be  evaporated,  a  quantity  of  fait  will  cry- 
ftallize in  proportion  to  the  quantity  of  water  evaporated. 
The  fecond  is,  that  thofe  falts  which  are  the  mod  folublc  m 
water,  particularly  thofe  which  run  in  the  air,  will  diftblve  iii 
cold  and  in  bpilmg  water  equally;  whereas  much  greater 
quantities  of  the  other  falts  will  diffolve  in  hot  and  boiling 

water 
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water  than  in  cold  water.  Thefe  things  being  admitted, 
when  we  know  that  fea-falt  is  one  of  the  firft  fort,  and  falt- 
petre  of  the  fecond,  the  reafon  why  fea-falt  precipitates  in 
the  preparation  of  falt-petre  appears  at  once.     For 

When  the  folution  of  Salt-petre  and  Sea-falt  comes  to  be 
evaporated  to  fuch  a  degree  that  it  contains  as  much  Sea-falt 
jts  it  poflibly  can,  this  fait  muft  begin  to  cryftallize,  and  con- 
tinue to  do  fo  gradually  as  the  evaporation  advances.  But 
becaufe  at  the  fame  time  it  does  not  contain  as  much  falt- 
petre  as  it  can  hold,  feeing  it  is  capable  of  diflblving  a  much 
greater  quantity  thereof  when  it  is  boiling  hot  than  when  it 
is  cold,  this  laft-named  fait  will  not  cryftallize"  fo  foon.  If 
the  evaporation  were  continued  till  the  cafe  of  the  Salt-petre 
came  to  be  the  fame  with  that  of  the  Sea-falt,  then  the  falt- 
petre  alfo  would  begin  to  cryftallize  gradually  in  proportion 
to  the  water  evaporated,  and  the  two  falts  will  continue  cry- 
ftallizing promifcuoufly  together :  but  it  is  never  carried  fo 
far ;  nor  is  it  ever  neceflary  :  for,  as  the  water  cools,  it  be- 
comes more  and  more  incapable  of  holding  in  folution  the 
fame  quantity  of  falt-petre  as  when  it  wasboiling  hot. 

And  then  comes  the  very  reverfe,  with  regard  to  the  cry- 
stallizing of  the  two  falts ;  for  then  the  Salt-petre  moots, 
and  not  the  Sea-falt.  The  reafon  of  this  facl:  alfo  is  found- 
ed on  what  has  juft  been  faid.  The  Sea-falt,  of  which  cold 
water  will  diffolve  as  much  as  boiling  water,  and  which 
owed  its  cryftallizing  before  only  to  the  evaporation,  now 
eeafes  to  cryftallize  as  foon  as  the  evaporation  ceafes ;  while 
the  Salt-petre,  which  the  water  kept  diffolved  only  becaufe 
It  was  boiling  hot,  is  forced  to  cryftallize  merely  by  the  cool- 
ing of  the  water. 

When  the  folution  of  Salt-petre  has  yielded  as  many  cry- 
ftals of  that  Salt  as  it  can  yield  by  cooling,  it  is  again  eva- 
porated, and  being  then  fufTered  to  cool  yields  more  cryftals. 
And  thus  they  continue  evaporating  and  cryftallizing,  till 
the  liquor  will  afford  no  more  cryftals.  It  is  plain  that  as 
the  Salt-petre  cryftallizes,  the  proportion  of  Sea-falt  to  the 
diflblving  liquor  increaies;  and  as  a  certain  quantity  of  wa- 
ter evaporates  alfo  during  the  time  employed  in  cryftallizing 
the  Salt-petre,  a  quantity  of  Sea-falt,  proportioned  to  the 
water  fo  evaporating,  muft  cryftallize  in  that  time  :  and  this 
is  the  reafon  why  Salt-petre  is  adulterated  with  a  mixture  of 
Sea-falt.  It  likewife  follows  that  the  laft  cryftals  of  Nitre, 
obtained  from  a  folution  of  Salt-petre  and  Sea-falt,  contain 
much  more  Sea-falt  than  the  firft. 

i  From 
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From  all  that  has  been  faid  concerning  the  cryftallization 
of  Salt-petre  and  Sea-falt,  it  is  eafy  to  deduce  the  proper 
way  of  purifying  the  former  of  thefe  two  Salts  from  a  mix- 
ture of  the  latter.  For  this  purpofe  the  vSalt-petre  to  be  re- 
fined need  only  be  diflblved  in  fair  water.  The  proportion 
between  the  two  falts  in  this  fecond  folution  is  very  different 
from  what  it  was  in  the  former;  for  it  contains  no  more  Sea- 
falt  than  what  had  cryftallized  along  with  the  Salt-petre  un- 
der favour  of  the  evaporation,  the  reft  having  been  left  dif- 
folved  in  the  liquor  that  refufed  to  yield  any  more  nitrous 
cryftals. 

As  there  is  therefore  a  much  greater  quantity  of  Salt- 
petre than  of  Sea-falt  in  this  fecond  folution,  it  is  eafy  to 
evaporate  it  to  fuch  a  degree  that  a  great  deal  of  Salt-petre 
ihall  cryftallize,  while  much  more  of  the  water  muft  ne- 
cefTarily  be  evaporated  before  any  of  the  Sea-falt  will  cryftal- 
lize. 

However,  the  Salt-petre  is  not  yet  entirely  freed  from  all 
mixture  of  Sea-falt  by  this  firft  purification ;  for  the  cryftals 
obtained  from  this  liquor,  in  which  Sea-falt  is  diflbved,  are- 
ftill  encrufted,  and,  as  it  were,  infected  therewith  :  hence 
it  comes,  that,  to  refine  the  Salt-petre  thoroughly,  thefe 
cryftallizations  muft  be  repeated  four  or  five  times. 

The  Salt-petre  men  commonly  content  themfelves  with 
cryftallizrng  it  thrice,  and  Call  the  produce  Salt-petre  of  the 
firft,  fecond,  or  third  flioot,  according  to  the  number  of 
cryftallizations  it  has  undergone.  But  their  beft  refined 
Salt-petre,  even  that  of  the  third  {hooting,  is  not  yet  fufri- 
ciently  pure  for  Chymical  experiments  that  require  much  ac- 
curacy:  fo  that  it  muft  be  further  purified;  but  ftill  by  the 
fame  method. 

The  Nitrous  Acid  is  not  pure  in  the  earths  and  ftones 
from  which  it  is  extracted.  It  is  combined  partly  with  the 
very  earth  in  which  it  is  formed,  and  partly  with  the  Vola- 
tile Alkali  produced  by  the  putrefaction  of  the  vegetable  or 
animal  matters  that  concurred  to  its  generation.  A  Fixed 
Alkali  and  Quick-lime  are  added  to  the  lixivium  of  a  nitrous 
earth,  m  order  to  decompofe  the  nitrous  Salt  formed  in  that 
earth,  and  to  feparate  the  Acid  from  the  Volatile  Alkali  and 
the  abforbent  earth  with  which  it  is  united  :  thence  comes 
that  copious  fediment  which  appears  in  the  lye  at  the  begin- 
ning of  the  evaporation.  Thefe  matters  form  with  that  A- 
cid  a  true  Nitre,  much  more  capable  than  the  original  Ni- 
trous Salts  of  cryftallization,  detonation,  and  the  other  pro- 
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perties  which  are  effential  thereto.      The  bafis  of  Nitre  is 
therefore  a  Fixed  Alkali  mixed  with  a  little  lime. 

The  Mother  of  Nitre,  which  will  yield  no  more  cryftals, 
is  brown  and  thick :  by  evaporation  over  a  fire  it  is  further 
infpiffated,  and  becomes  a  dry,  folidbody;  which,  however, 
being  left  to  itfelf  foon  gives,  and  runs  into  a  liquor.  This 
Water  ftill  contains  a  good  deal  of  Nitre,  Sea-falt,  and  the 
Acids  of  thefe  Salts  united  with  an  abforbent  earth.  It  con- 
tains moreover  a  great  deal  of  a  fat,  vifcid  matter,  which 
prevents  its  cryftallizing. 

All  faline  folutions  in  general,  after  having  yielded  a  cer- 
tain quantity  of  cryftals,  grow  thick,  and  refufe  to  part  with 
any  more,  though  they  ftill  contain  much  Salt.  They  are  all 
called  Mother-waters,  as  well  as  that  which  hath  yielded 
Nitre.  The  Mother-waters  of  different  Salts  may  prove  the 
fubjecls  of  curious  and  uieful  inquiries. 

If  a  Fixed  Alkali  be  mixed  with  the  Mother  of  Nitre,  a 
copious  white  precipitate  immediately  falls,  which  being 
collected  and  dried  is  called  Magnefia.  This  precipitate  is 
nothing  but  the  abforbent  earth  that  was  united  with  the 
Nitrous  Acid,  together  with  a  good  deal  of  the  lime  that 
was  added,  and  was  alfo  united  with  that  Acid,  from  which 
they  are  now  feparated  by  the  Fixed  Alkali,  according  to  the 
ufual  laws  of  affinities. 

The  Vitriolic  Acid  poured  upon  Mother  of  Nitre  caufes 
many  Acid  vapours  to  rife,  which  are  a  compound  of  the 
Nitrous  and  Marine  Acids,  that  is,  an  Aqua  Regia.  On  this 
occafion  alfo  there  falls  a  large  quantity  of  a  white  powder, 
which  is  ftill  called  Magnefia ;  yet  it  differs  from  the  former 
in  that  it  is  not,  like  it,  a  pure  abforbent  earth,  but  com- 
bined with  the  Vitriolic  Acid. 

An  Aqua  regis  may  alfo  be  drawn  from  nitrous  earths 
by  the  force  of  fire  only,  without  the  help  of  any  addita- 
ment. 


PROCESS     II. 

To  dec&mpofe  Nitre  by  means  of  the  Phlogiflon.      Nitre  fxed 
by  Charcoal.     Clyifus  of  Nitre.     Sal  Polychreftum. 

TAKE  the  pureft  Salt-petre  in  powder ;  put  it  into  a 
large  crucible,  which  it  may  but  half  fill;  fet  the  cru- 
cible in  a  common  furnace,  and  furround  it  with  coals. 
When  it  is  red-hot  the  Nitre  will  melt,  and  become  as  fluid 

as 
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as  water.  Then  throw  into  the  crucible  a  fmall  quantity  of 
charcoal-duft:  the  Nitre  and  the  Charcoal  will  immediately 
deflagrate  with  violence;  and  a  great  commotion  will  be 
raifed,  accompanied  with  a  confiderable  hilling,  and  abun- 
dance of  black  fmoke.  As  the  charcoal  waftes,  the  detona- 
tion will  abate,  and  ceafe  entirely  as  foon  as  the  coal  is  quite 
con  fumed. 

Then  throw  into  the  crucible  the  fame  quantity  of  char- 
coal-duft as  before,  and  the  fame  phenomena  will  be  repeat- 
ed. Let  this  coal  alfo  be  confumed :  then  add  more,  and 
go  on  in  the  fame  manner  till  you  can  excite  no  further  de- 
flagration ;  always  obferving  to  let  the  burning  coal  be  en- 
tirely confumed  before  you  add  any  frefh.  When  no  defla- 
gration enfues,  the  matter  contained  in  the  crucible  will  have 
loft  much  of  its  fluidity. 

OBSERVATIONS. 

Nitre  will  not  take  fire,  unlefs  the  inflammable  mattar 
added  to  it  be  actually  burning,  or  the  Nitre  itfelf  red-hot, 
and  fo  thoroughly  ignited,  as  immediately  to  kindle  it. 
Therefore,  if  you  would  procure  the  detonation  of  Nitre 
with  charcoal,  and  make  ufe  of  cold  charcoal,  as  in  the  pro- 
cefs,  the  Nitre  in  the  crucible  muft  be  red-hot,  and  in  per- 
fect fufion :  but  you  may  alfo  ufe  live  coals,  and  then  the 
Nitre  need  not  be  red-hot. 

It  is  proper  that  the  crucible  ufed  in  this  experiment  fhould 
be  only  half  full;  for  during  the  detonation  its  contents 
fwell,  and  might  run  over  without  this  precaution.  For  the 
fame  reafon  the  charcoal-duft  is  to  be  thrown  in  by  little  and 
little ;  and  that  firft  put  in  muft  be  entirely  confumed  before 
any  frefh  be  added. 

The  matter  remaining  in  the  crucible  after  the  operation 
is  a  very  ftrong  Fixed  Alkali.  Being  expofed  to  the  air  it 
quickly  attracts  the  moifture  thereof,  and  runs  into  a  liquor. 
It  is  called  Alkalizated  Nitre >  or,  to  diftinguifh  it  from  Nitre 
alkalizated  by  other  inflammable  matters,  Nitre  fixed  by 
charcoal. 

However,  this  Alkali  is  not  abfolutely  pure.  It  (till  con- 
tains a  portion  of  the  Nitre  that  hath  not  been  decompofed. 
For  when  there  remains  but  a  little  of  this  fait  mixed  with  a 
great  quantity  of  Alkali,  which  is  not  inflammable,  the  Al- 
kali in  ibme  meafure  fhelters  it,  coats  it  over,  and  ohftructs 
that  immediate  contact  with  the  inflammable  matters  applied, 
which  is  neceflfary  to  make  it  deflagrate, 
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If  the  Fixed  Alkali  be  defired  perfe&ly  free  from  any 
mixture  of  undecompofed  Nitre,  the  fire  about  the  crucible 
muft  be  confiderably  incrcafsd  as  foon  as  the  detonation  is 
entirely  over;  the  matter  muft  be  made  to  flow,  which  re- 
quires a  much  ftronger  heat  than  would  melt  Nitre,  and 
kept  thus  in  fufion  for  about  an  hour.  After  this  no  perfect 
Nitre  will  be  found  therein  :  for  the  little  that  was  left,  be-> 
ing  unable  to  abide  the  force  of  the  fire,  as  not  being  ex- 
tremely fixed,  either  is  entirely  diffipated,  or  lofes  its  Acid, 
which  is  carried  off  by  the  violence  of  the  heat. 

Fixed  Nitre  contains  alfo  a  portion  of  the  earth  that  con- 
ftituted  the  bafis  of  the  Nitre,  which  is  no  other  than  the 
lime  employed  in  its  cryftallization,  orelfe  fome  of  the  earth 
with  which  its  Acid  was  originally  combined,  and  which  it 
retained  in  cryftallizing.  When  Nitre  is  deflagrated  with 
fuch  matters  as  produce  afhes,  thefe  afhes  likewife  furnifh  a 
certain  quantity  of  earth,  which  mixes  with  the  Fixed  Alka- 
li, lo  feparate  thefe  feveral  earths  from  the  Alkali,  nothing 
more  is  requifite  than  to  let  it  run  per  deliqalum^  or  to  dif- 
foive  it  in  water,  and  filter  the  folution  through  brown  pa- 
per. Whatever  is  faline  will  pafs  through  the  filtre  with  the 
water,  and  the  earthy  part  will  be  left  upon  it. 

The  Nitrous  Acid  is  not  only  diffipated  during  the  defla- 
gration of  the  Nitre,  but  is  even  deftroyed,  and  perfectly 
decompofed.  The  fmoke  that  rifes  during  the  operation  has 
not  the  leaft  odour  of  an  Acid.  Its  nature  may  be  accurate- 
ly examined  by  catching  it  in  proper  veffels,  and  condenfmg 
it  into  a  liquor. 

Nitre  differs  from  Sulphur,  and  from  all  other  inflamma- 
ble bodies  whatever,  in  this,  that  the  free  accefs  of  the  air 
is  indifpenfably  neceffary  to  make  any  of  the  others  burn ; 
whereas  Nkre,  and  Nitre  only,  is  capable  of  burning  in 
clofe  veffels  :  and  this  property  furnifhes  us  with  the  means 
of  collecting  the  vapours  which  it  difcharges  in  deflagra- 
tion. 

For  this  purpofe,  to  a  tubulated  earthen  retort  you  muft  fit 
two  or  three  large  adopters :  fet  the  retort  in  a  furnace ;  and 
under  it  make  a  fire  fufficient  to  keep  its  bottom  moderately 
red.  Then  take  a  fmall  quantity,  two  or  three  pinches  for 
example,  of  a  mixture  of  three  parts  of  Nitre  with  one  of 
^harcoal-duft,  and  drop  it  into  the  retort  through  its  tube, 
which  muft  be  uppermoft,  and  immediately  flopped  clofe. 
A  detonation  inftantly  enfues,  and  the  vapours  that  rife 
from  the  inflamed  mixture  of  Nitre  and  charcoal,  palling  out 

through 


Cnap.  2.     PRACTICE    of    CHYMISTRY.     189 

through  the  neck  of  the  retort  into  the   adopters,    circulate 
therein  for  a  while,  and  at  laft  condenfe  into  a  liquor. 

When  the  detonation  it  over,  and  the  vapours  condcnfed, 
or  nearly  fo,  drop  into  the  retort  another  equal  quantity  of 
the  mixture;  and  repeat  this  till  you  find  there  is  liquor 
enough  in  the  recipients  to  be  examined  with  eafe  an.d  accu- 
racy. This  liquor  is  almoft  infipid,  and  (hews  no  tokens  of 
acidity;  or  at  moft  but  very  flight  ones.  It  is  called  Ciyjjus 
of  Nitre. 

It  is  eafy  to  perceive  why  feveral  adopters  are  required  in 
this  experiment,  and  why  a  very  fmall  quantity  of  the  mix- 
ture muft  be  introduced  into  the  retort  at  once.  The  explo- 
fion,  and  the  quantity  of  air  and  vapours  difcharged  on  this 
occafion,  would  quickly  bur  ft  the  veflels,  if  all  thefe  precau- 
tions were  not  attended  to.  This  plainly  appears  from  the 
terrible  effects  of  gun-powder,  which  is  nothing  but  a  com- 
pofition  of  Nitre,  Sulphur,  and  Charcoal. 

Nitre  is  alfo  decompofed  and  takes  fire  by  the  means  of 
Sulphur ;  but  the  circumftances  and  the  refult  differ  widely 
from  thofe  produced  therewith  by  charcoal,  or  any  other  in- 
flammable  body. 

Nitre  deflagrates  with  Sulphur  on  account  of  the  Phlogi* 
fton  which  the  latter  contains.  If  one  part  of  Sulphur  be 
mixed  with  two  or  three  parts  of  Nitre,  and  the  mixture 
thrown  by  little  and  little  into  a  red-hot  crucible,  upon  eve- 
ry projection  there  arifes  a  detonation  accompanied  with  a 
vivid  flame. 

The  vapours  difcharged  on  this  occafion  have,  the  mingled 
fmell  of  X  Sulphureous  Spirit  and  Spirit  of  Nitre ;  and  if 
they  be  collected  by  means  of  a  tubulated  retort,  and  fuch  an 
apparatus  of  veffels  as  was  ufed  in  the  preceding  experiment, 
the  liquor  contained  in  the  recipients  is  found  to  be  an  actual 
mixture  of  the  Acid  of  Sulphur,  the  Sulphureous  Spirit, 
and  the  Acid  of  Nitre ;  the  firft  being  in  greater  quantity 
than  the  other  two,  and  the  fecond  greater  than  the  laft 

Nor  is  the  remainder  after  detonation  a  Fixed  Alkali,  as 
in  the  former  experiments ;  but  a  Neutral  Salt,  confuting  of 
the  Acid  of  Sulphur  combined  with  the  Alkali  of  Nitre;  a 
fort  of  Vitriolated  Tartar  known  in  medicine  by  the  name 
of  Sal  Polycbreftum. 

There  are  evidently  two  effential  differences  between  this 
laft  experiment  and  the  preceding  one.  What  remains  after 
the  deflagration  of  Nitre  with  Sulphur  is  not  a  Fixed  Alkali : 
and,  moreover,  the  vapours  emitted  in  the  operation  are  im- 
pregnated with  a  quantity  of  the  Nitrous  Acid ;  which  is  not 
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the  cafe  when  Nitre  is  decompofed  by  any  other  inflammable 
matter  which  contains  no  Vitriolic  Acid. 

The  reafon  of  thefe  differences  is  naturally  deducible  from 
what  hath  been  already  faid  concerning  the  properties  of  the 
Vitriolic  and  Nitrous  Acids.  We  have  feen  that  by  burning 
Sulphur  its  Acid  is  not  decompofed,  but  only  feparated  from 
its  Phlogifton.  We  alfo  know,  that  its  Acid  has  a  great  af- 
finity with  Fixed  Alkalis.  Thefe  things  being  granted,  it 
follows  that,  as  foon  as  the  Nitrous  Acid  quits  its  Alkaline 
bafis,  by  deflagrating  with  the  Phlogifton  of  the  Sulphur,  the 
Acid  of  this  very  Sulphur,  being  fet  at  liberty  by  that  defla- 
gration, muft  unite  with  the  Alkaline  bafis  deferted  by  the 
Acid  of  Nitre,  and  therewith  form  a  Neutral  Salt.  Hence, 
inilead  of  a  Fixed  Alkali,  we  find  at  the  end  of  the  opera- 
tion a  fort  of  Vitriolated  Tartar;  the  Acids  of  Sulphur  and 
of  Vitriol  being  the  fame,  as  is  evident  from  what  hath  been 
above  faid  concerning  them. 

In  order  to  difcover  the  caufe  of  the  other  phenomenon, 
we  muft  recoiled!:  two  things  advanced  in  our  Elements  of 
the  Theory ;  to  wit,  that  the  affinity  of  the  Vitriolic  Acid 
with  Fixed  Alkalis  is  greater  than  that  of  the  Nitrous  Acid ; 
and  again,  that  the  Nitrous  Acid  is  not  capable  of  combining 
and  taking  fire  with  the  Phlogifton,  but  when  it  is  in  the 
form  of  a  Neutral  Salt,  that  is,  when  it  is  united  with  fome 
alkali&e,  earthy,  or  metallic  bans.  If  thefe  two  principles 
he  applied  to  the  effect  in  queftion,  the  folution  is  cafy  and 
natural.  For,  in  the  deflagration  of  Nitre  with  Sulphur,  the 
Phlogifton  is  not  the  only  fubftance  capable  of  feparating  the 
Nitrous  Acid  from  its  bafis  :  the  Acid  of  the  Sulphur,  more 
and  more  of  which  is  fet  at  liberty  as  the  Phlogifton  is  con- 
fumed,  is  alfo  capable  of  producing  the  fame  effect,  j  but 
with  this  difference,  that  the  portion  of  the  Nitrous  Acid 
which  is  detached  from  its  Alkali  by  the  Phlogifton  is  at  the 
fame  inftant  fet  on  fire  and  decompofed  by  that  union  ^ 
whereas  the  portion  thereof  which  is  feparated  by  the  Vitri- 
olic Acid,  being  when  fo  feparated  incapable  of  uniting  with 
the  Phlogifton,  and  of  coniuming  therewith,  is  preferved 
entire,  and  rifes  in  vapours,  together  with  that  portion  of. 
the  Vitriolic  Acid  which  could  not  unite  with  the  bafis  of 
the  Nitre. 
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PROCESS     III. 

To  decompofe  Nitre  by  means  of  the  Vitriolic  Acid.  The 
Smoking  Spirit  of  Nitre.  Sal  de  duobus.  The  Purifica- 
tion of  Spirit  of  Nitre. 

TAKE  equal  parts  of  well  purified  Nitre  and  Green  "Vi- 
triol :  dry  the  Nitre  thoroughly,  and  bruife  it  to  a  fine 
powder.  Calcine  the  Vitriol  to  rednefs  :  reduce  it  likewife 
to  a  very  fine  powder ;  and  mingle  thefe  two  fubftances  well 
together.  Put  the  mixture  into  an  earthen  long-neck,  or  a 
good  glafs  retort  coated,  of  fuch  a  fize  that  it  may  be  but 
half  full. 

Set  this  vefiel  in  a  reverberating  furnace  covered  with  its 
dome;  apply  a  large  glafs  receiver,  having  a  fmall  hole  in 
its  body,  flopped  with  a  little  lute.  Let  this  receiver  be  ac- 
curately luted  to  the  retort  with  the  fat  lute,  and  the  joint 
covered  with  a  flip  of  canvas  fmeared  with  lute  made  of 
quick-lime  and  the  white  of  an  egg.  Heat  the  veffels  very 
gradually.  The  receiver  will  foon  be  filled  with  very  denfe 
red  vapours,  and  drops  will  begin  to  diftil  from  the  nofe  of 
the  retort. 

Continuethediftillation,increafingthe  fire  a  little  when  you 
obferve  the  drops  to  follow  each  other  but  flowly,  fo  that  a- 
bove  two  thirds  of  a  minute  pafTes  between  them ;  and,  in 
order  to  let  out  the  redundant  vapours,  open  the  fmall  hole 
in  the  receiver  from  time  to  time.  Towards  the  end  of  the 
operation  raife  the  fire  fo  as  to  make  the  retort  red.  When 
you  find  that,  even  when  the  retort  is  red-hot,  nothing  more 
comes  over,  unlute  the  receiver,  and  without  delay  pour  the 
liquor  it  contains  into  a  cryftal  bottle,  and  clofe  it  with  a 
cryftal  Hopple  ground  in  its  neck  with  emery.  This  liquor 
will  be  of  a  reddifh  yellow  colour,  fmoking  exceedingly,  and 
the  bottle  containing  it  will  be  conftantly  filled  with  red 
fumes  like  thofe  obferved  in  the  receiver. 

OBSERVATIONS. 

The  Vitriolic  Acid  having  a  greater  affinity  with  Fixed 
Alkalis  than  with  any  other  fubftance,  the  Pblogifton  except- 
ed, and  being  in  the  Vitriol  united  with  a  ferruginous  bafis, 
will  naturally  quit  that  bafis  to  join  with  the  Fixed  Alkali  of 
the  Nitre ;  the  Acid  whereof  being  weaker  than  the  Vitrio- 
lic, 
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lie,  as  we  have  already  obferved  on  feveral  occasions,  muft 
needs  be  thereby  expelled  from  its  bafis.  The  Nitre  there- 
fore is  decom  poled  by  the  Vitriol,  and  its  Acid  being  fet  at 
liberty,  is  carried  up  by  the  force  of  the  fire. 

Indeed  the  Nitrous  Acid,  being  thus  feparated  from  its  al- 
kaline bafis,  might  be  expected  to  combine  with  the  ferrugi- 
nous bafis  of  the  Vitriol :  but  as  it  has,  like  all  other  Acids, 
much  lefs  affinity  with  Metallic  fubftances  than  with  Alkalis, 
even  a  moderate  degree  of  fire  is  fufficient  to  feparate  it  from 
them.  Moreover,  this  Acid  hath  either  no  effett,  or  very 
Jittle,  upon  iron  that  has  loft  much  of  its  Phlogifton  by  con* 
traCting  an  union  with  any  Acid  j  which  is  the  cafe  of  the 
ferruginous  bafis  of  Vitriol. 

By  the  procefs  here  delivered  a  very  ftrong,  perfectly  de- 
phlegmated,  and  vaftly  fmoking  Spirit  of  Nitre  is  obtained. 
If  the  precautions  of  drying  the  Nitre  and  calcining  the  Vi- 
triol be  neglected,  the  Acid  that  comes  over,  greedily  at* 
tracking  the  water  contained  in  thefe  falts,  will  be  very  aque- 
ous, will  not  fmoke,  and  will  be  almoffc  colourlefs,  with  a 
very  flight  tinge  of  lemon. 

The  fumes  or  highly  concentrated  Spirit  of  Nitre,  fuch  as 
that  obtained  by  the  above  procefs,  are  light,  corrofive,  and 
very  dangerous  to  the  lungs  ;  being  no  other  than  the  mofi: 
dephlegmated  part  of  the  Nitrous  Acid.  The  perfon  there- 
fore who  unlutes  the  vefTels,  or  pours  the  liquor  out  of  the 
receiver  into  the  bottle,  ought  with  the  greater!  caution  to  a- 
void  drawing  them  in  with  his  breath  ;  and  for  that  reafon 
ought  to  place  himfelf  fo  that  a  current  of  air,  either  natural 
or  artificial,  may  carry  them  off  another  way.  It  is  alfo  ne- 
cefiary  that  care  be  taken,  during  the  operation,  to  give  the 
vapours  a  little  vent  every  now  and  then,  by  opening  the  fmall 
hole  in  the  recipient ;  for  they  are  fo  elaftic,  that,  if  too 
clofely  confined,  they  will  burft.  the  veifels. 

When  the  operation  is  over,  you  will  find  a  red  mafs  at 
the  bottom  of  the  retort,  caff.,  as  it  were,  in  a  mould.  This 
is  a  Neutral  Salt  of  the  nature  of  Vitriol ated  Tartar,  refus- 
ing from  the  union  of  the  Acid  of  the  Vitriol  with  the  Al- 
kaline bafis  of  the  Nitre. 

The  ferruginous  bafis  of  the  Vitriol,  which  is  mixed  with 
this  fait,  gives  it  the  red  colour.  To  feparate  it  therefrom, 
you  mull;  pulverife  it,  diffblve  it  in  boiling  water,  and  filter 
the  iblution  feveral  times  through  brown  paper ;  becaufe  the 
ferruginous  earth  of  the  Vitriol  is  fo  fine,  that  fome  of  it  will 
pafs  through  the  firn:  time.  When  the  folution  is  very  clear, 
and  depolites  no  fediment,  let  it  be  fet  to  fhoot,  and  it  will 

yield 
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yield  cryftals  of  Vitriolated  Tartar;  to  which  Chymifts  have 
given  the  peculiar  title  of  Sal  de  duobus. 

In  this  Caput  mortuum  we  frequently  find,  befides  the  fer- 
ruginous earth  of  Vitriol,  a  portion  of  Nitre  and  Vitriol  not 
decompofed  ;  either  becaufe  the  two  falts  were  not  thorough- 
ly mingled,  or  becaufe  the  fire  was  not  raifed  high  enough 
towards  the  end  of  the  operation. 

Nitre  may  alfo  be  decompofed,  and  its  acid  obtained,  by 
the  interposition  of  any  of  the  other  Vitriols,  Alums,  Gyp- 
fums,  Boles,  Clays;  in  fhort,  by  means  of  any  compound 
in  which  the  Vitriolic  Acid  is  found,  provided  it  have  not  a 
Fixed  Alkali  for  its  bafis. 

The  diftillers  of  Aquafortis^  who  make  large  quantities  at 
a  time,  and  who  ufe  the  leaft  chargeable  methods,  do  their 
bufinefs  by  the  means  of  earths  impregnated  with  the  Vitri- 
olic Acid  ;  fuch  as  Clays  and  Boles.  With  thefe  earths  they 
accurately  mix  the  Nitre  from  which  they  intend  to  draw 
their  Spirit :  this  mixture  they  put  into  large  oblong  earthen 
pots,  having  a  very  fliort  curved  neck,  which  enters  a  reci- 
pient of  the  fame  matter  and  form.  Thefe  vefiels  they  place 
in  two  rows  oppofite  to  each  other  in  long  furnaces,  and  co* 
ver  them  over  with  bricks  cemented  with  Windfor-loam, 
which  ferves  for  a  reverberatory :  then  they  light  the  fire  in 
the  furnace,  making  it  at  firft  very  fmall,  only  to  warm  the 
vefiels ;  after  which  they  throw  in  wood,  and  raife  the  fire 
till  the  pots  grow  quite  red-hot,  in  which  degree  they  keep 
it  up  till  the  diftillation  is  entirely  finifhed. 

The  Acid  of  Nitre  may  alfo  be  feparated  from  its  bafis  by 
means  of  the  pure  Vitriolic  Acid.  For  this  purpofe  the  Ni- 
tre from  which  you  mean  to  extract  the  Acid  muft  be  finely 
pulverized,  put  into  a  glafs  retort,  and  a  third  of  its  weight 
of  concentrated  Oil  of  Vitriol  poured  on  it :  the  retort  muft 
be  placed  in  a  reverberating,  furnace,  and  a  receiver,  like  that 
ufed  in  the  preceding  operation,  expeditioufly  applied. 

As  foon  as  the  Oil  of  Vitriol  touches  the  Nitre  the  mix- 
ture grows  hot,  and  copious  red  fumes  begin  to  appear  :  fome 
drops  of  the  Acid  come  over  even  before  the  fire  is  kindled 
in  the  furnace. 

On  this  occafion  the  fire  muft  be  moderate ;  becaufe  the 
Vitriolic  Acid,  being  clogged  by  no  bafis,  acts  upon  the  Ni- 
tre much  more  brifkly,  and  with  much  greater  efiecl:,  than 
when  it  is  not  pure. 

This  operation  maybe  performed  by  a  fand-heat;  which 

is  a  fpeedy  and  commodious  way  of  obtaining  the  Nitrous 

Acid.     In  other  refpecls  the  precautions  recommended  in 
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the  preceding  experiment  muft  be  carefully  obferved  here, 
both  in  diftilling  the  Acid  and  in  taking  it  out  of  the  re- 
ceiver. 

The  Spirit  of  Nitre  extracted  by  this  method  is  as  ftrong, 
and  fmokes  as  much,  as  that  obtained  by  calcined  Vitriol, 
provided  the  Oil  of  Vitriol  made  ufe  of  be  well  concentrat- 
ed ;  but  it  is  generally  tainted  by  the  admixture  of  a  fmall 
portion  of  the  Vitriolic  Acid,  which,  having  no  bafis  of  its 
own  to  reftrain  it,  is  carried  up  by  the  heat  before  it  can  lay 
hold  of  the  bafis  of  the  Nitre. 

There  are  feveral  experiments  in  Chymiftry  that  fucceed 
equally  well  whether  the  Nitrous  Acid  be  or  be  not  thus  a- 
dulterated  with  a  mixture  of  the  Vitriolic  Acid  •,  but  there 
are  fome,  as  we  fhall  fee,  that  will  not  fucceed  without  a 
Spirit  of  Nitre  fo  mixed.  If  the  Acid  be  diflilled  with  a 
view  to  fuch  experiments,  it  muft  be  kept  as  it  is.  But  molt 
experiments  require  the  Spirit  of  Nitre  to  be  abfolutely  pure; 
and  if  it  be  intended  for  fuch,  it  muft  be  perfectly  cleanfed 
from  the  Vitriolic  taint. 

This  is  eafiiy  effected  by  mixing  your  Spirit  with  very 
pure  Nitre,  and  diftilling  it  a  fecond  time.  The  Vitriolic 
Acid,' with  which  this  Spirit  of  Nitre  is  adulterated,  coming 
in  contact:  with  a  great  quantity  of  undecornpofed  Nitre, 
unites  with  its  Alkaline  bails,  and  expels  a  proportionable 
quantity  of  the  Nitrous  Acid. 

In  the  retort  made  ufe  of  to  diftil  the  Nitrous  Acid,  by 
means  of  the  pure  Vitriolic  Acid,  is  found  a  Caput  mortu- 
twi,  differing  from  that  left  after  the  diftillation  of  the  fame 
Acid  by  the  interpofition  of  Vitriol,  in  as  much  as  it  con- 
tains no  red  ferruginous  earth.  This  is  a  very  white  faline 
mafs,  moulded  in  the  bottom  of  the  retort :  if  you  pound  it, 
diiiblve  it  in  boiling  water,  and  evaporate  the  folution,  it 
will  moot  into  cryftals  of  Vitriolated  Tartar :  fometimes  al- 
&  it  contains  a  portion  of  undecornpofed  Nitre,  which 
ihoots  after  the  Vitriolated  Tartar,  becaufe  it  is  much  more 
ibluble  in  water. 


CHAR 
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CHAP.        III. 

Of   the    Marine    Acid. 

PROCESS     L 

To  extract  Sea- fait  from  Sea-water ,  and  from  Brine -fprings. 
Epfom  Salt. 

FILTER,  the  falt-water  from  which  you  intend  to  extract 
the  fait:  evaporate  it  by  boiling  till  you  fee  on  its  fur- 
face  a  dark  pellicle :  this  confifts  wholly  of  little  cryftals  of 
fait  juft  beginning  to  (hoot :  now  flacken  the  fire,  that  the 
brine  may  evaporate  more  ilowly,  and  without  any  agitation. 
The  cryftals,  which  at  firft  were  very  fmall,  will  become 
larger,  and  form  hollow  truncated  pyramids,  the  apices 
whereof  will  point  downwards,  and  their  bafes  be  even  with 
the  furface  of  the  liquor. 

Thefe  pyramidal  cryftals  are  only  collections  of  fmall  cu- 
bical cryftals  concreted  into  this  form.  When  they  have  ac- 
quired a  certain  magnitude  they  fall  to  the  bottom  of  the  li- 
quor. When  they  come  to  be  in  fuch  heaps  as  almoft  to 
reach  the  furface  of  the  liquor,  decant  it  from  them,  and 
continue  the  evaporation  till  no  more  cryftals  of  Sea-falt  will, 
moot. 

OBSERVATIONS. 

The  Acid  of  Sea-falt  is  fcarce  ever  found,  either  in  fea- 
water  or  in  the  earth,  otherwife  than  united  with  a  fixed  al- 
kali of  a  particular  kind,  which  is  its  natural  bafis;  and  con- 
fequently  it  is  in  the  form  of  a  Neutral  Salt.  This  fait  is 
plentifully  diflblved  in  the  waters  of  the  ocean,  and  when 
obtained  therefrom  bears  the  name  of  Sea-falt.  It  is  alfo 
found  in  the  earth  in  vaft  cryftalline  mafTes,  and  is  then  cal- 
led Sal-gem  :  fo  that  Sea-falt  and  Sal-gem  are  but  one  and 
the  fame  fort  of  fait,  differing  very  little  from  each  other,  ex- 
cept as  to  the  places  where  they  are  found. 

In  the  earth  are  alfo  found  fprings  and  fountains,  whofe 
waters  are  ftrong  brines,  a  great  deal  of  Sea-falt  being  dif- 
folved  in  them.     Thefe  fprings  either  rife  dir*eclly  from  the 
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fea,  or  run  through  fome  mines  of  Sal-gem,  of  which  they 
take  up  a  quantity  in  their  paffage. 

As  the  fame,  or  at  leaft  nearly  the  fame,  quantity  of  Sea- 
falt  will  continue  diflblved  in  cold  water  as  boiling  water  will 
take  up,  it  cannot  (hoot,  as  Nitre  does,  by  the  mere  cooling 
of  the  water  in  which  it  is  diflblved  :  it  cryftallizes  only  by 
the  means  of  evaporation,  which  continually  leflfens  the  pro- 
portion of  the  water  to  the  fait  \  fo  that  it  is  always  capable 
of  containing  juft  fo  much  the  lefs  Sea-falt  the  more  there  is 
cryftallized. 

The  brine  mould  not  boil  after  you  perceive  the  pellicle  of 
little  cryftals  beginning  to  form  on  its  furface;  for  the  calm- 
nefs  of  the  liquor  allows  them  to  form  more  regularly,  and 
become  larger.  Nor  after  this  fhould  the  evaporation  be 
hurried  on  too  faft;  for  a  fjline  cruft  would  form  on  the  li- 
quor, which,  by  preventing  the  vapours  from  being  carried 
off,  would  obftrucl:  the  cryftallization. 

If  the  evaporation  be  continued  after  the  liquor  ceafes  to 
yield  any  cryftals  of  Sea-falt,  other  cryftals  will  be  obtained 
of  an  oblong  four-fided  form,  which  have  a  bitter  tafte,  arid 
are  almoft  always  moift.  This  fort  of  fait  is  known  by  the 
name  of  Epfom  Salty  which  it  owes  to  a  fait  fpring  in  Eng- 
land, from  the  water  of  which  it  was  firft  extracted.  This 
fait,  or  rather  faline  compound,  is  a  congeries  of  Glauber's 
fait  and  Sea-falt,  in  a  manner  confounded  together,  and 
mixed  with  fome  of  the  Mother  of  Sea-falt,  in  which  is  con- 
tained a  kind  of  bituminous  matter.  Thefe  two  Neutral 
Salts,  which  conftitute  the  Epfom  Salt,  may  be  eafily  fepa- 
rated  from  each  other,  by  means  of  cryftallization  only.  Ep- 
fom Salt  is  purgative  and  bitter;  and  therefore  named  Sal 
Catharticum  Amarum,  or  bitter  purging  Salts. 

There  are  different  methods  ufed  in  great  works  for  ob- 
taing  Sea-falt  out  of  water  in  which  it  is  diflblved.  The 
fimpleft  and  eafieft  is  that  pracSlifed  in  France,  and  in  all 
thole  countries  which  are  not  colder.  On  the  fea-fhore  they 
lay  out  a  fort  of  broad  {hallow  pits,  pans,  or  rather  ponds, 
which  the  fea  fills  with  the  tide  of  flood.  When  the  ponds 
are  thus  filled,  they  flop  their  communication  with  the  fea, 
and  leave  the  water  to  evaporate  by  the  heat  of  the  fun  ;  by 
which  means  all  the  fait  contained  in  it  neceffarily  cryftallizes. 
Thefe  pits  are  called  Salt  Ponds.  Salt  can  be  made  in  this 
way  in  the  fummer-time  only,  at  leaft  in  France,  and  other 
countries  of  the  fame  temperature:  for  during  the  winter, 
when  the  fun  has  lefs  power  and  rains  are  frequent,  this  me- 
thod is  not  practicable. 

For 
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For  this  reafon,  as  it  often  rains  in  the  province  of  Nor- 
mandy, the  inhabitants  take  another  way  to  extract  Salt  from 
fea-water.  The  labourers  employed  for  this  purpofe  raife 
heaps  of  fand  on  the  more,  fo  that  the  tide  waters  and 
drenches  them  when  it  flows,  and  leaves  the  fand  dry  when 
it  ebbs.  During  the  interval  between  two  tides  of  flood  the 
fun  and  the  air  eafily  carry  ofF  the  moifture  that  was  left, 
and  fo  the  fand  remains  impregnated  with  all  the  fait  that 
was  contained  in  the  evaporated  water.  Thus  they  let  it  ac- 
quire as  much  fait  as  it  can  by  feveral  returns  of  flood,  and 
then  wafh  it  out  with  freih  water,  which  they  evaporate 
over  a  fire  in  leaden  boilers. 

To  obtain  the  Salt  from  brine-fprings,  the  water  need  on- 
ly be  evaporated :  but  as  feveral  of  thefe  fprings  contain  too 
little  fait  to  pay  the  charges  that  would  be  incurred,  if  the 
evaporation  were  effected  by  the  force  of  fire  only,  the  ma- 
nufacturers have  fallen  upon  a  lefs  expenlive  method  of  get- 
ting rid  of  the  greateft  part  of  the  water,  and  preparing  the 
brine  for  cryftallization,  in  much  lefs  time,  and  with  much 
lefs  fire,  than  would  otherwife  have  been  necelTary. 

The  method  confifts  in  making  the  water  fall  from  a  cer- 
tain heighth  on  a  great  many  fmall  fpars  of  wood,  which  di- 
vide it  into  particles  like  rain.  This  is  performed  under 
fheds  open  to  all  the  winds,  which  pafs  freely  through  this 
artificial  mower.  By  this  means  the  water  prefents  to  the 
air  a  great  extent  of  furface,  being  indeed  reduced  almoft  en- 
tirely to  furface,  and  the  evaporation  is  carried  on  with  great 
e'afe  and  expedition.  The  water  is  raifcd  by  pumps  to  the 
heighth  from  which  it  is  intended  to  fall  *. 


PROCESS    II. 

Experiment j   concerning  the  decompofition   of  Sea-falty    by 
means  of  the  Phlogijion.     KunckeFi  Phofphorus. 

"  /"\F  pure  urine  that  has  fermented  five  or  fix  days  take 

\_Jr   "  a  quantity  in  proportion  to  the  quantity  of  phpf- 

*c  phorus  you  intend  to  make :   it  requires  about  one  third 

*  The  Marquis  de  Montalembert,  in  a  Memoir  read  before  the  Academy 
of  Sciences,  propofes  a  new  method  of  effecting  thefe  evaporations,  toge- 
ther with  fome  confiderable  improvements  in  the  ftrutture  and  difpoiltion  of 
the  buildings  neceffary  for  that  purpofe.  They  are  called  by  the  French  Ba- 
time nts  de  Graduation ;  which  may  properly  enough  be  rendered  Brine- 
bgrefes. 

«  part 
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'«  part  of  a  hogihead  to  make  a  dram  of  Phofphorus.  Eva- 
*'  porate  it  in  iron  pans,  till  it  become  clotted,  hard,  black, 
**  and  nearly  like  chimney-foot;  at  which  time  it  will  be  re- 
"  duced  to  about  a  fixtieth  part  of  its  original  weight  before 
"  evaporation. 

"  When  the  urine  is  brought  to  this  condition  put  it  in 
<f  feveral  portions  into  fo  many  iron  pots,  under  which  you 
«  mud  keep  a  pretty  brifk  fire  fo  as  to  make  their  bottoms  red, 
«c  and  ftir  it  incefiantly  till  the  volatile  fait  and  the  fetid  oil 
«*  be  almod  wholly  diffipated,  till  the  matter  ceafe  to  emit 
«  any  fmoke,  and  till  it  fmell  like  peach -blofToms.  Then 
"  put  out  the  fire,  and  pour  on  the  matter,  which  will  now 
*'  be  reduced  to  a  powder,  fomewhat  more  than  twice  its 
«  weight  of  warm  water.  Stir  it  about  in  this  water,  and 
<c  leave  it  to  foak  therein  for  twenty-four  hours.  Pour  off 
«c  the  water  by  inclination ;  dry  the  drenched  matter,  and 
*c  pulverize  it.  The  previous  calcination  carries  off  from 
"  the  matter  about  a  third  of  its  weight,  and'  the  lixiviation 
«*  wafhes  out  half  the  remainder. 

"  With  what  remains  thus  calcined,  waihed,  and  dried, 
«  mix  half  its  weight  of  gravel,  or  yellow  freedone  rafped, 
c*  having  fifted  out  and  thrown  away  ail  the  fined  particles. 
**  River  fand  is  not  proper  on  this  occafion,  becaufe  it  flies 
«  in  a  hot  fire.  Then  add  to  this  mixture  a  fixteenth  part 
"  of  its  weight  of  charcoal,  made  of  beech,  or  of  any  other 
««  wood  except  oak,  becaufe  that  aifo  flies.  Moiften  the 
«c  whole  with  as  much  water  as  will  bring  it  to  a  ftift  palte, 
*£  by  working  and  kneading  it  with  your  hands  :  now  intro- 
<c  duce  it  into  your  retort,  taking  care  not  to  daub  its  neck. 
"  The  retort  mult  be  of  the  belt  earth,  and  of  fuch  a  lize, 
<c  that  when  your  matter  is  in  it,  a  full  third  thereof  fhall 
"  Hill  be  empty. 

"  Place  your  retort,  thus  charged,  in  a  reverberating  fur- 
«£  nace,  fo  proportioned,  that  there  may  be  an  interval  of 
44  two  inches  all  round  between  the  fides  of  the  furnace  and 
44  the  bowl  of  the  retort,  even  where  it  contracts  to  form 
u  the  neck,  which  -fhould  ftand  inclined  at  an  angle  of  fixty 
<c  degrees.  Stop  all  the  apertures  of  the  furnace,  except  the 
w  doors  of  the  nre-place  and  afh-hole. 

ct  Fit  on  to  the  retort  a  large  glafs  ballon  two  thirds  full 
46  of  water,  and  lute  them  together,  as  in  diftilling  the 
«*  Smoking  Spirit  of  Nitre.  In  the  hinder  part  of  this  bal- 
"  Ion,  a  little  above  the  furface  of  the  water,  a  fmall  hole 
"  mull  be  bored.  This  hole  is  to  be  ftopped  with  a  fmall 
"peg  of  birch-wood,  which  mud  flip  in  and  cut  very  eafily, 

"  and 
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«  and  have  a  fmall  knob  to  prevent  its  falling  into  the  bal- 
"  Ion.  This  peg  is  to  be  pullecLout  from  time  to  time,  that 
"  by  applying  the  hand  to  the  hole  it  may  be  known  whether 
**  the  air,  rarefied  by  the  head  of  the  retort,  ifTues  out  with 
"  too  much  or  too  little  force. 

"  If  the  air  rufhes  out  with  too  much  rapidity,  and  with 
"  a  hiilinsj  noife,  the  door  of  the  a  ill  hole  mull  be  entirely 
"  (hut,  in  order  to  flacken  the  fire.  If  it  do  not  ftrike  pret- 
"  ty  fmartly  againil  the  hand,  that  door  mult  be  opened 
«  wider,  and  large  coals  thrown  into  the  fire-place  to  quick- 
*  en  the  fire  immediately. 

"  The  operation  ufually  lafts  four  and  twenty  hours;  and 
"  the  following  figns  mew  that  it  will  fucceed,  provided  the 
"  retort  refill  the  fire. 

"  You  muft  begin  the  operation  with  putting  fome  un- 
"  lighted  charcoal  in  the  afh-hole,  and  a  little  lighted  char- 
"  coal  at  the  door  thereof,  in  order  to  warm  the  retort  very 
"  flowly.  When  the  whole  is  kindled,  pufh  it  into  the  afh- 
"  hole,  and  clofe  the  door  thereof  with  a  tile.  This  mode- 
"  rate  heat  brings  over  the  phlegm  of  the  mixture.  The 
"  fame  degree  of  fire  muft  be  kept  up  four  hours,  after  which 
"  fome  coals  may  be  laid  on  the  grate  of  the  fire-place, 
<c  which  the  fire  underneath  will  kindle  by  degrees.  With 
«  this  fecond  heat  brought  nearer  the  retort,  the  ballon 
"  grows  warm,  and  is  filled  with  white  vapours,  which  have 
«c  the  fmell  of  fetid  oil.  In  four  hours  after,  this  veiTel  will 
"  grow  cool  and  clear;  and  then  you  muft  open  the  door  of 
M  the  afh-hole  one  inch,  throw  freih  coals  into  the  fire- place 
U  every  three  minutes,  and  every  time  fliut  the  door  of  it, 
<(  left  the  cold  air  from  without  mould  ftrike  againft  the  bot- 
«  torn  of  the  retort  and  crack  it. 

"  When  the  fire  has  been  kept- up  to  this  degree  for  about 
"  two  hours,  the  iniide  of  the  ballon  begins  to  be  netted 
"  over  with  a  volatile  fait  of  a  fingular  nature,  which  can- 
"  not  be  driven  up  but  by  a  very  violent  fire,  and  which 
"  fmells  pretty  ftrong  of  peach-kernels.  Care  muft  be  ta- 
"  ken  that  this  concrete  fait  do  not  ftop  the  little  hole  in  the 
"  bailon:  for  in  that  cafe  it  would  burft,  the  retort  being 
«*  then  red-hot,  and  the  air  exceedingly  rarefied.  The  wa- 
"  ter  in  the  balion,  being  heated  by  the  vicinity  of  die  fur- 
u  nace,  exhales  vapours  which  diflblve  this  fprigged  fait, 
"  and  the  ballon  clears  up  in  half  an  hour  after  k  has  ccal- 
"  ed  rifing. 

"  In  about  three  hours  from  the  firft  appearance  of  this 
M  fait,  the  ballon   is  again  filled  with  new  vapours,  which 

«  fmell 
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"  fmell  like  Sal  Ammoniac  thrown  upon  burning  coals. 
«  They  condenfe  on  the  fides  of  the  receiver  into  a  fait 
"  which  is  not  branched  like  the  former,  but  appears  in 
f<  long  perpendicular  ftreaks,  which  the  vapours  of  the  wa- 
«  ter  do  not  difTolve.  Thefe  white  vapours  are  the  fore-run- 
M  ners  of  the  Phofphorus,  and  a  little  before  they  ceafe  to 
"  rife  they  lofe  their  firfl  fmell  of  Sal  Ammoniac,  and  ac- 
««  quire  the  odour  of  garlic. 

«  As  they  afcend  with  great  rapidity,  the  little  hole  muft 
"  be  frequently  opened,  to  obferve  whether  the  hiding  be 
"  not  too  ftrong :  for,  in  that  cafe,  it  would  be  neceflary  to 
"  fhut  the  door  of  the  alh-hole  quite  clofe.  Thefe  white 
"  vapours  continue  two  hours.  When  you  find  they  ceafe 
u  rifing,  making  a  fmall  paflage  through  the  dome,  by 
"  opening  fome  of  its  regifters,  that  the  flame  may  juft  be- 
<(  gin  to  draw.  Keep  up  the  fire  in  this- mean  Hate  till  the 
"  firft  volatile  Phofphorus  begin  to  appear. 

"  This  appears  in  about  three  hours  after  the  white  va- 
«  pours  firft  begin  to  rife.  In  order  to  difcover  it,  pull  out 
"  the  little  birchen  peg  once  every  minute,  and  rub  it  a- 
"  gainfl  fome  hot  part  of  the  furnace,  where  it  will  leave  a 
"  trail  of  light,  if  there  be  any  Phofphorus  upon  it. 

"  Soon  after  you  obferve  this  fign,  there  will  iflue  out 
"  through  the  little  hole  of  the  ballon  a  ftream  of  blueifh 
"  light,  which  continues  of  a  greater  or  fhorter  extent  to  the 
"  end  of  the  operation.  This  ftream  or  fpout  of  light  does 
"  not  burn.  If  you  hold  your  finger  againft  it  for  twenty 
«  or  thirty  feconds,  the  light  will  adhere  to  it ;  and  if  you 
"  rub  that  finger  over  your  hand,  the  light  Avill  befmear  it, 
"  and  render  it  luminous. 

"  But  from  time  to  time  this  ftreamer  darts  out  to  the 
"  length  of  {cxen  or  eight  inches,  fnapping  and  emitting 
"  fparks  of  fire  ;  and  then  it  burns  all  combuftible  bodies 
"  that  come  in  its  way.  When  you  obferve  this,  you  muft 
"  manage  the  fire  very  warily,  and  fhut  the  door  of  the  afh- 
"  hole  quite  clofe,  yet  without  ceafing  to  threw  coals  into 
"  the  fire-place  every  two  minutes. 

"  The  Volatile  Phofphorus  continues  two  hours  ;  after 
*f  which  the  little  fpout  of  light  contracts  to  the  length  of  a 
"  line  or  two:  and  now  is  the  time  for  pufhing  your  fire  to 
"  the  utmoft:  immediately  (tt  the  door  of  the  aih-hole  wide 
"  open,  throw  billets  of  wood  into  it,  unftop  all  the  regi- 
"  fters  of  the  reverberatory,  fupply  the  fire-place  with  large 
<<  coals  every  minute ;  in   ftiort,   for  fix  or  feven  hours  all 
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«  the  infide  of  the  furnace  mud  be  kept  of  a  white  heat,  fo 
f(  that  the  retort  {"hall  not  be  diftinguifhable. 

"  In  this  fierce  extremity  of  heat  the  true  Phofphorus 
<£  diftils  like  an  oil,  or  like  melted  wat:  one  part  thereof 
««  floats  on  the  water  in  the  recipient,,  the  other  falls  to  the 
*<  bottom.  At  lall,  the  operation  is  known  to  be  quite  over 
«*  when  the  upper  part  of  the  ballon,  in  which  the  volatile 
'*  Phofphorus  appears  condenfed  in  a  blackifh  film,  begins 
"  to  grow  red  :  for  this  (hews  that  the  Phofphorus  is  burnt 
M  where  the  red  fpot  appears.  You  muft  now  (lop  all  the 
"  registers,  and  fhut  ail  the  doors  of  the  furnace,  in  order 
"  to  fm other  the  fire;  and  then  clofe  up  the  little  hole  in 
"  the  ballon  with  fat  lute  or  bees-wax.  In  this  condition 
*9  the  whole  muft  be  left  for  two  days;  becaufe,  the  veffels 
"  muft  not  be  feparated  till  they  are  perfectly  cold,  left  the 
*'  Phofphorus  mould  take  fire. 

"  As  foon  as  the  fire  is  out,  the  ballon,  which  is  then  in 
u  the  dark,  prefents  a  raoft  agreeable  object:  all  the  empty 
'*  part  thereof  above  the  water  feems  filled  with  a  beautiful 
**  blue  light :  which  continues  for  fevenor  eight  hours,  or  as 
"  long  as  the  ballon  keeps  warm*  never  difappearing  till  it 
<;  is  cooled 

«  When  the  furnace  is  quite  cold  take  out  the  vefTels, 
«  and  feparate  them  from  each  other  as  neatly  as  poffible. 
(t  With  a  linen  cloth  wipe  away  all  the  black  fluff  you  find 
<4  in  the  mouth  of  the  ballon ;  for  if  that  filth  fnould  mix 
<s  with  the  Phofphorus,  it  would  hinder  it  from  being  tranf- 
«  parent  when  moulded.  This  muft  be  done  with  great  ex- 
"  pedition:  after  which  pour  into  the  ballon  two  or  three 
"  quarts  of  cold  water,  to  accelerate  the  precipitation  of  the 
i{  Phofphorus  that  fvvims  at  top.  Then  agitate  the  water  in 
rt  the  ballon,  to  rinfe  out  all  the  Phofphorus  that  may  ftick 
"  to  the  fides:  pour  out  all  the  water  thus  fhaken  and  tur- 
"  bid,  into  a  very  clean  earthen  pan,  and  let  it  ftand  till  it 
"  grows  clear.  Then  decant  this  firft  ufelefs  water,  and  on 
"  the  blackifh  fediment,  left  at  the  bottom  of  the  pan,  pour 
"  fome  boiling  water  to  melt  the  Phofphorus ;  which  there- 
«  upon  unites  with  the  fuliginous  matter,  or  volatile  Phof- 
"  phorus,  that  precipitated  with  it,  both  together  forming  a 
"  mafs  of  the  colour  of  flate.  When  this  water,  in  which 
"  you  have  melted  the  Phofphorus,  is  cool  enough,  take  out 
"  the  Phofphorus,  throw  it  into  cold  water,  and  therein 
«  break  it  into  little  bits  in  order  to  mould  it. 

*«  Then  take  a^matras,  having  a  long  neck  fomewhat 
**.,  wider  next  the  body  than  at  its  mouth  :  cut  of?  half  the 
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"  body,  fo  as  to  make  a  funnel  of  the  neck-part,  the  fmal- 
"  ler  end  of  which  muft  be  flopped  with  a  cork.  The  firfl 
"  mould  being  thus  prepared,  plunge  it  endwife,  with  its 
"  mouth  uppermoft,  in  a  vefiel  full  of  boiling  water,  and 
"  fiil  it  with  that  water.  Into  this  funnel  throw  the  little 
n  bits  of  your  flate-like  mafs,  which  will  melt  again  in  this 
"  hot  water,  and  fall  fo  melted  to  the  bottom  of  the  tube. 
«  Stir  this  melted  matter  with  an  iron  wire,  to  promote  the 
"  reparation  of  the  Phofphorus  from  the  fuliginous  matter 
"  with  which  it  is  fouled,  and  which,  being  lefs  ponderous 
«*  than  the  Phofphorus,  will  gradually  rife  above  it  towards 
"  the  upper  part  of  the  cylinder. 

"  Keep  the  water  in  the  veffel  as  hot  as  at  firft,  till,  on 
«  taking  out  the  tube,  you  fee  the  Phofphorus  clean  and 
"  tranfparent.  Let  the  clear  tube  cool  a  little,  and  then  fet 
"  it  in  cold  water,  where  the  Phofphorus  will  congeal  as  it 
w  cools.  Y/hen  it  is  perfectly  congealed,  pull  out  the  cork, 
tc  and  with  a  fmall  rod,  near  as  big  as  the  tube,  pufh  the 
"  cylinder  of  Phofphorus  towards  the  mouth  of  the  funnel, 
**  where  the  feculency  lies.  Cut  off  the  black  part  of  the 
"  cylinder,  and  keep  it  apart:  for  when  you  have  got  a 
*«  quantity  thereof,  you  may  melt  it  over  again  in  the  fame 
"  manner*  and  feparate  the  clean  Phofphorus  which  it  ftill 
"  contains.  As  to  the  reft  of  the  cylinder  which  is  clean 
"  and  tranfparent,  if  you  intend  to  mould  it  into  fmaller 
«*  cylinders,  you  may  cut  it  in  flices,  and  melt  it  again  by 
*  the  help  of  boiling  water  in  glafs  tubes  of  fmaller  dimen- 
«  fions." 

OBSERVATIONS. 

This  procefs  for  making  Phofphorus  is  copied  from  the 
Memoirs  of  the  Academy  of  Sciences  for  the  Year  1737; 
where  it  is  defcribed  by  M.  Hellot,  with  fo  much  accuracy, 
clearnefs,  and  precision,  that  I  thought  I  could  not  do  better 
than  tranferibe  it,  without  departing  from  the  authors  own 
expreffions,  for  the  fake  of  fuch  as  may  not  have  thofe  Me- 
moirs. We  mall  take  occafion,  in  thefe  obfervations,  to 
point  out  fome  efTential  circumftances  which  I  have  omitted 
in  the  defcription  of  the  Prpcefs,  that  I  might  not  break  the 
connection  between  the  phenonv/na  that  happen  in  the  courfe- 
of  this  experiment. 

It  is  proper  to  obferve,  in  the  firfl;  place,  that  one  of  the 
moit  ufual  caufes  of  mifcarriage  in  this  operation  is  a  defeel: 
of  the  requifite  qualities  in  the  retort  employed.     It  is  abfe- 

lutely 
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lutely  necefiary  to  have  that  vefTel  made  of  the  bed  earth, 
and  fo  well  made  that  it  (hall  be  capable  of  refilling  the  ut- 
moft  violence  of  fire,  continued  for  a  very  long  time;  as 
appears  by  the  defcription  of  the  procefs.  The  retorts  com- 
monly fold  by  potters,  and  other  earthen-ware  men,  are  not 
fit  for  this  operation  ;  and  M.  Hellot  was  obliged  to  fend  to 
Hefle-Caflel  for  fuch  as  he  wanted. 

We  fhall,  in  the  fecond  place,  obferve  with  M.  Hellot, 
that,  «  before  you  fet  your  retort  in  the  furnace,  it  is  proper 
"  to  make  an  efTay  of  your  matter,  to  fee  if  there  be  reafon 
"  to  hope  for  fucceis.  For  this  purpofe  put  about  an  ounce 
«  thereof  into  a  fmall  crucible,  and  heat  it  till  the  vefTel  be 
"  red.  The  mixture,  after  having  fmoked,  ought  to  chop 
"  or  crack  without  puffing  up,  or  even  rifing  in  the  leaft. 
f«  From  thefe  cracks  will  iflue  undulating  flames,  white  and 
"  blueilh,  darting  upwards  with  rapidity.  This  is  the  firft 
*>>  volatile  Phofphorus,  which  occafions  all  the  danger  of  the 
"  operation.  When  thefe  firft  flames  are  over,  increafe  the 
"  heat  of  your  matter  by  laying  a  large  live  coal  upon  the 
"  crucible.  You  will  then  fee  the  fecond  Phofphorus,  like 
"  a  luminous,  fteady  vapour,  of  a  colour  inclining  to  violet, 
"  covering  the  whole  furface  of  the  matter :  it  continues 
"  for  a  very  long  time,  and  diffufes  a  fmell  of  garlic,  which 
"  is  the  diftinguiming  odour  of  the  Phofphorus  you  are  feek- 
"ing. 

w  When  this  luminous  vapour  is  entirely  gone,  pour  the 
«  red  hot  matter  out  of  the  crucible  upon  an  iron  plate.  If 
"  you  do  not  find  one  drop  of  fait  in  fuficn,  but  that,  oa 
"  the  contrary,  the  whole  falls  readily  into  powder,  it  is  a 
M  proof  that  your  matter  was  fufliciently  lixiviated,  and  that 
"  it  contains  no  more  fixed  Salt,  or  Sea-falt,  if  you  will, 
"  than  is  requifite.  If  you  find  on  the  plate  a  drop  of  fait 
ik  coagulated,  it  fhews  that  there  is  too  much  left  in,  and 
"  that  there  is  danger  of  your  mifcarrying  in  the  operation  ; 
**  became  the  redundant  fait  would  corrode,  and  eat  through 
"  the  retort.  In  this  cafe  your  matter  mufi  be  warned  again, 
H  and  then  fuiTiciently  dried." 

Our  third  obfervation  fhall  be  concerning  the  furnace  pro- 
per to  be  employed  in  this  operation.  This  furnace  mult  be 
fo  conftructed,.  that,  within  a  narrow  compafs  it  may  give  a 
heat  at  leaft  equal  to  that  of  a  glafs-houfe  furnace,  or  rather 
greater,  efpecially  during  the  laft  feven  or  eight  hours  of  tL*. 
operation.  M.  Hellot  in  his  Memoir  gives  an  exact  defcrip- 
tion of  fuch  a  furnace. 

C  c  a  «  As. 
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*?  As  certain  accidents  may  happen  in  the  courfe  of  the 
J*  operation,  fome  precautions  are  co  be  taken  againflthem. 
'?  For  inflance,  if  the  ballon  fhould  break  while  the  Phof- 
«*  phorus  is  diftilling,  and  any  of' it  fhould  fall  on  combutti- 
H  ble  bodies,  it  would  fet  them  on  fire,  and  probably  burn 
"  the  laboratory,  becaufe  it  is  not  to  be  extinguifhed  without 
"  the  greattft  difficulty.  The  furnace  muft  therefore  be 
<*  erected  under  fome  vault,  or  upon  a  bed  of  brick-work 
"  raifed  under  fome  chimney  that  draws  well:  nor  mult 
"  any  furniture  or  utenfil  of  wood  be  left  near  it.  If  a  lit- 
"  tie  flaming  Phofphorus  mould  fall  on  a  man's  legs  or 
"  hands,  in  lefs  than  three  minutes  it  would  burn  its  way 
f«  to  the  very  bone.  In  fuch  a  cafe  nothing  but  urine  will 
"  flop  its  progrefs. 

"  If  the  retort  crack  while  the  Phofphorus  is  diftilling, 
iS  there  is  an  unfuccefsful  end  of  your  operation.  It  is  eaiy 
f  to  perceive  this  by  the  ftink  of  garlic  which  you  will 
*•  fmell  about  the  furnace;  and  moreover,  the  flame  that 
i{  iflues  through  the  apertures  of  the  reverberatory  will  be  of 
"  a  beautiful  violet  colour.  The  Acid  of  Sea-falt  always 
"  gives  this  colour  to  the  flame  of  fuch  matters  as  are  burnt 
i(  along  with  it.  But  if  the  retort  break  before  the  Phof- 
"  phorus  hath  made  its  appearance,  its  contents  may  be 
f*  faved  by  throwing  a  number  of  cold  bricks  into  the  fire- 
«  place,  and  upon  them  a  little  water  to  quench  the  fire  at 
«*  once."  All  thefe  ufeful  obfervations  we  owe  alfo  to 
M.  Hellot.    " 

The  Phofphorus  here  defcribed  was  firft  difcovered  by  a 
citizen  of  Hamburgh,  named  Brandt,  who  worked  upon 
urine  in  fearch  of  the  Phiiofopher's  (lone.  Afterwards  two 
other  fkifful  Chymifls,  who  knew  nothing  more  of  the  pro- 
cefs,  than  that  Phofphorus  was  obtained  from  urine,  or,  in 
general,  from  the  human  body,  likewife  endeavoured  to  dif- 
cover  it ;  and  each  of  them  feparately  did  actually  make 
the  difcovery.  Thefe  two  Chymifls  were  Kunckel  and 
Boyle. 

The  former  perfected  the  difcovery,  and  found  out  a  me- 
thod of  making  it  in  considerable  quantities  at  a  time;  which 
occasioned  it  to  be  called  KunckeVs  Pbofpbarus.  The  other, 
who  was  an  Englifh  gentleman,  had  not  time  to  bring  his 
difcovery  to  perfection,  and  contented  himfelf  with  lodging 
a  voucher  of  his  having  difcovered  it  in  the  hands  of  the  be- 
cretary  of  the  Royal  Society  of  London j  who  gave  him  a 
certificate  thereof. 

'«  Though 
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«  Though  Brandt,"  fays  M.  H:  Hot,  «  who  had  before 
*<  this  fold  his  fecret  to  a  Chymift  named  Krafft,  fold  it  af* 
M  ter wards  to  feveral  other  perfons,  and  even  at  a  very  low 
"  rate;  and  though  Mr.  Boyle  publifhed  the  procefs  for 
<<  making  it ;  yet  it  is  extremely  probable  that  both  of  them 
«<  kept  in  their  own  hands  the  mafter-key  ;  I  mean,  the  par- 
w  ticular  management  necejjary  to  make  the  operation  fuc- 
1*  ceed:  for,  till  Kunckel  found  it  out,  no  other  Chymift 
H  ever  made  any  confideiable  quantity  thereof,  except  Mr. 
<«  Godfrey  Hankwitz,  an  Englifh  Chymift,  to  whom  Mr. 
*4  Boyle  revealed  the  whole  myftery. 

"  Neverthelefs,"  continues  he,  «  we  are  very  far  from 
**  alledging  that  ail  thofe  who  have  deicribed  this  operation 
<*  meaned  to  impofe  upon  the  world  :  but  we  conceive  that 
*<  moft  of  them  having  obferved  luminous  vapours  in  the 
«  ballon,  and  fome  fparks  about  the  juncture  of  the  vefFcls, 
«  were  contented  with  thofe  appearances.  And  thus  it 
i<  came  to  pafs,  that,  after  Kunckel  and  Boyle  died,  Mr. 
"  Godfrey  Hawkwitz  was  the  only  Chymift  that  could  fup- 
*(  ply  Europe  therewith  ;  on  which  account  it  is  like- 
H  wife  very  well  known  by  the  name  of  Englifb  Phofphc* 
«  rus." 

Almoft  all  the  Chymifts  confider  Phofphorus  as  a  fubftance 
confifting  of  the  Acid  of  Sea-falt  combined  with  the  Phlo- 
gifton,  in  the  fame  manner  as  Sulphur  confifts  of  the  Vitri- 
olic Acid  combined  with  the  Phlogifton.  This  opinion  is 
founded  on  the  following  principles. 

Firlt,  Urine  abounds  with  Sea-falt,  and  contains  alfo  a 
great  deal  of  Phlogifton;  now  thefe  are  the  ingredients  of 
which  they  conjecture  Phofphorus  to  be  compofed. 

Secondly,  Phofphorus  has  many  of  the  properties  of  Sul- 
phur; fuch  as  being  foluble  in  oils-,  melting  with  a  gentle 
heat;  being  very  combuftible;  burning  without  any  foot  j 
giving  a  vivid  and  blueifh  flame  ;  and  laftly,  leaving  an  acid 
liquor  when  burnt  :  fenfible  proofs  that  it  differs  from  Sul- 
phur in  nothing  but  the  nature  of  its  Acid. 

Thirdly,  this  Acid  of  Phofphorus,  being  mixed  with  a 
folution  of  filver  in  Spirit  of  Nitre,  precipitates  the  fiiver, 
and  this  precipitate  is  a  true  Luna  cornea^  which  appears  to 
be  more  volatile  even  than  the  common  iort ;  as  M.  Hellot 
tells  us,  who  made  the  experiment.  This  fact  proves  incon- 
teltably  that  the  Acid  of  Phofphorus  is  of  the  fame  nature 
with  that  of  Sea-falt:  for  all  Chymifts  know  that  the  pro- 
perty of  precipitating  filver  in  a  Luna  cornea  belongs  to  the 
Marine  Acid  only. 

Fourthly* 
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Fourthly,  M.  Stahl  obferves,  that,  if  Sea-falt  be  caft  on 
live  coals,  they  inftantly  burn  with  great  activity;  then  they 
emit  a  very  vivid  flame,  and  are  much  fooner  confumed  than 
if  none  of  this  fait  had  touched  them  ;  that  Sea-falt  in  fub- 
ftance,  which  will  bear  the  violence  of  fire  a  considerable 
time  when  fufed  in  a  crucible,  without  fuflaining  anyfenfible 
diminution,  yet  evaporates  very  quickly,  and  is  reduced- to 
white  flowers,  by  the  immediate  contact  of  burning  coals ; 
and,  laflly,  that  the  flame  which  rifes  on  this  occafion  is  of  a 
blue  colour  inclining  to  violet,  efpecially  if  it  be  not  thrown 
directly  on  the  coals  themfelves,  but  kept  in  fufion  amidft 
burning  coals,  in  a  crucible  fo  placed  that  the  vapour  of  the 
Salt  may  join  with  the  enflamed  Phlogifton  as  it  rifes  from 
the  coals. 

Thefe  experiments  of  M.  Stahl's  prove,  that  the  Phlogi- 
flon acts  upon  the  acid  of  Sea-falt,  even  while  it  is  combin- 
ed with  its  alkaline  bafis.  The  flame  that  appears  on  this 
occafion  may  be  confidered  as  an  imperfect:  Phofphorus:  and 
indeed  its  colour  is  exactly  like  that  of  Phofphorus. 

All  the  facts  above  related  evince,  that  the  Acid  of  Phof- 
phorus is  a-kin  to  that  of  Sea-falt ;  or  rather  that  it  is  the 
very  fame.  But  there  are  other  facts  which  prove  that  this 
Acid  undergoes  fome  change  at  lead,  fome  peculiar  prepara- 
tion, before  it  enters  into  the  compoiition  ot  a  true  Phofpho- 
rus, and  that,  when  extricated  therefrom  by  burning,  it  is 
not  a  pure  Acid  of  Sea-falt,  but  is  (till  adulterated  with  a 
mixture  of  fome  other  fubftance,  which  makes  it  confider- 
ably  different  from  that  Acid.  For  thefe  obfervations  we  are 
obliged  to  M.  MarggrafF,  of  the  Academy  of  Sciences  at  Ber- 
lin, a  celebrated  Chymifi.  I  mail  prefently  give  an  account 
of  his  principal  experiments  as  fuccinctly  as  pofhble. 

M.  MarggrafF  hath  alfo  publifhed  a  procefs  for  making 
Phofphorus,  and  aflures  us,  that  by  means  thereof  we  may 
obtain  in  lefs  time,  with  lefs  heat,  lefs  trouble,  and  lefs  ex- 
pence,  a  greater  quantity  of  Phofphorus  than  by  any  other 
method.     His  operation  is  this  : 

He  takes  two  pounds  of  Sal  Ammoniac  in  powder,  which 
he  mixes  accurately  with  four  pounds  of  Minium.  This 
mixture  he  puts  into  a  glafs  retort,  and  with  a  graduated  fire 
draws  off  a  very  (harp,  volatile,  urinous  fpirit. 

We  obferved  in  our  theoretical  Elements,  that  fome  me- 
tallic fubftances  have  the  property  of  decompofing  Sal  Am- 
moniac, and  ieparating  its  volatile  Alkali ;  concerning  which 
phenomenon  we  there  gave  our  opinion.  Minium,  which  is 
a  calx  of  lead**  'IS  one  or*  tno^e  metallic  fubftances.     In  th ;  * 

experiment 
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experiment  it  decompofes  the  Sal  Ammoniac,  and  feparates 
its  volatile  Alkali;  what  remains  in  the  retort  is  a  combina- 
tion of  the  Minium  with  the  Acid  of  the  Sal  Ammoniac, 
which  is  well  known  to  be  the  fame  with  the  Marine  Acid ; 
and  confequently  the  refidue  of  this  operation  is  a  fort  of 
Plumbum  corneum. 

The  quantity  thereof  is  four  pounds  eight  ounces.  Of 
this  he  mixes  three  pounds  with  nine  or  ten  pounds  of  urine, 
that  has  flood  putrefying  for  two  months,  evaporated  to  the 
confidence  of  honey.  Thefe  he  mixes  by  little  and  little  in 
an  iron  pan  over  the  fire,  ftirring  the  mixture  from  time  to 
time.  Then  he  adds  half  a  pound  of  charcoal-duft,  and  e- 
vaporates  the  matter,  kept  continually  ftirring,  till  the  whole 
be  brought  to  a  black  powder.  He  next  diftils  the  mixture 
in  a  glafs  retort  with  degrees  of  fire,  which  he  raifes  towards 
the  end  fo  as  to  make  the  retort  red-hot,  in  order  to  expel  all 
the  urinous  fpirit,  fuperfluous  oil,  and  ammoniacal  fait. 
The  diftillation  being  finifhed,  there  remains  nothing  in  the 
retort  but  a  very  friable  caput  mortuum. 

This  remainder  he  pulverifes  again,  and  throws  a  pinch 
thereof  on  live  coals,  thereby  to  difcover  whether  or  no  the 
matter  be  rightly  prepared,  and  in  order  for  yielding  Phof- 
phorus.  If  it  be  fo,  it  prefently  emits  an  arfenical  odour, 
and  a  blue  undulating  flame,  which  pailes  over  the  furface  of 
the  coals  like  a  wave. 

Being  thus  allured  of  the  fuccefs  of  his  operation,  he  puts 
one  half  of  his  matter  in  three  equal  parts,  into  three  fmall 
earthen  German  retorts,  capable  of  holding  about  eighteen 
ounces  of  water  a-piece.  Thefe  three  retorts,  none  of  which 
is  above  three  quarters  full,  he  places  together  in  one  rever- 
beratory  furnace,  built  much  like  thofe  we  have  defcribed, 
except  that  it  is  fo  conftru&ed  as  to  hold  the  three  retorts 
dilpofed  in  one  line.  To  each  retort  he  lutes  a  recipient 
fomething  more  than  half  full  of  water,  ordering  the  whole 
in  fuch  a  manner,  that  the  nofes  of  his  retorts  almoft  tGuch 
the  furface  of  the  water. 

He  begins  the  diftillation  with  warming  the  retorts  ilowly, 
for  about  an  hour,  by  a  gentle  heat.  When  that  time  is  e~ 
lapfed  he  raifes  the  fire  gradually,  fo  that  in  half  an  hour 
more  the  coals  begin  to  touch  the  bottoms  of  the  retort?. 
He  continues  throwing  coals  into  the  furnace  by  little  and 
little,  till  they  rife  half  way  the  heighth  of  the  retorts ;  and 
in  this  he  employs  another  half  hour.  Laftly,  in  the  next 
half  hour  he  raifes  the  coals  above  the  bowls  of  the  re^ 
torts. 

Then 
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Then  the  PhofpliorWs  begins  to  afcend  in  clouds :  on  this 
he  inftantly  tncfeafes  the  heat  of  the  fire  as  much  as  podiMe^ 
filling  the  furnace  quite  up  with  coals,  and  making  the  re- 
tons  very  red.  This  degree  of  fire  caufes  the  Phofphorus  to 
diftil  in  drops,  which  fall  to  the  bottom  of  the  water.  He 
keeps  up  this  intenfe  bent  for  an  hour  and  half,  at  the  end  of 
"which  the  operation  is  finifhed  ;  fo  thai  it  Jafts  but  four  hours 
and  an  half  in  all :  nay,  he  further  afTures  us,  that  an  artifr. 
well  verfed  in  managing  the  fire,  may  perform  it  in  four 
hours  only.  In  the  fame  manner  he  difiiis  the  fecond  moiety 
of  his  mixture  in  three  other  fuch  retorts. 

The  advantage  he  finds  in  making  ufe  of  feveral  fmall  re- 
torts, inftead  of  a  tingle  large  one,  is,  that  the  heat  pene- 
trates them  with, more  eafe,  and  the  operation  is  peformed 
with  lefs  fire,  and  in  lefs  time.  He  purifies  and  moulds  his 
Phofphorus  much  in  the  fame  manner  as  M.  Hellot  does. 
From  the  quantity  of  ingredients  above-mentioned,  he  ob- 
tains two  ounces  and  a  half  of  fine  cryftalline  moulded  Phof- 
phorus. 

M.  MarggrafT  confidering,  as  a  confequence  of  the  experi- 
ments above  related,  that  a  highly  concentrated  Acid  of  Sea- 
falt  contributes  greatly  towards  the  formation  of  Phofphorus, 
proceeded  to  try  feveral  other  experiments,  in  which  he  em- 
ployed that  Acid  in  a  ftate  of  combination  with  other  bafes. 
He  mixed,  for  inftance,  an  ounce  of  Luna  cornea  with  an 
ounce  and  half  of  putrefied  and  infpifTated  urine,  and  from 
the  mixture  obtained  a  very  beautiful  Phofphorus. 

In  fhort,  the  feveral  experiments  mentioned  having  tho* 
roughly  perfuaded  him  that  the  Acid  of  Sea-falt,  provided  it 
were  highly  concentrated,  would  combine  with  the  Phlogi- 
fton  as  readily  as  the  Vitriolic  Acid  does,  he  refolved  to  try 
whether  he  could  not  make  Phofphorus  with  matters  con- 
taining that  Acid  and  the  Phlogifton,  without  making  ufe  of 
any  urine. 

With  this  view  he  made  a  great  number  of  different  trials, 
wherein  he  employed  Sea-falt  in  fubftance,  Sal  Ammoniac, 
Plumbum  corneum,  Luna  cornea,  fixed  Sal  Ammoniac,  o- 
therwife  called  Oil  of  Lime.  Thefe  feveral  fubftances,  all  oi 
which  contain  the  Acid  of  Sea-falt,  he  mixed  with  fundfy 
matters  abounding  in  Phlogifton,  different  vegetable  coals, 
and  even  animal  matters,  fuch  as  the  oil  of  hartihorn,  hu- 
man blood,  6r.  varying  the  proportions  of  thefe  fubftances 
many  different  ways,  without  ever  being  able  to  produce  a 
fingle  atom  of  Phofphorus  :  which  gave  this  able  Chymift 
juit  caufe  to  fufpecT:,  that  the  Marine  Acid,  while  pure  and 
I  crude, 
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crude,  is  not  capable  of  combining  with  the  Phlogiflon  in  the 
manner  requifite  to  form  a  Phofphorus;  that  for  this  purpoie 
it  is  neceflary  the  Acid  mould  have  contracted  a  previous  u- 
nion  with  fome  other  matter-,  and  that  the  Acid  found  in, 
urine  hath  probably  undergone  the  neceflary  change.  M. 
MarggrafT  is  of  opinion  that  the  matter,  which  by  its  union 
renders  the  Marine  Acid  capable  of  entering  into  the  com- 
pofition  of  Phofphorus,  is  a  fort  of  exceedingly  fubtile  vitri- 
itable  earth.  The  experiments  he  made  upon  the  Acid  of 
Phofphorus,  will  fhew  that  his  notion  is  not  altogether 
groundlefs.  M.  MarggrafF  having  let  fome  urine,  evapo- 
rated to  the  confidence  of  honey,  ftand  quiet  in  a  cool  place, 
obtained  from  it,  by  cryfb.liization,  a  Salt  of  a  fingular  na- 
ture. By  diftilling  this  urine  afterwards,  he  fatisfied  him  i elf 
that  it  yielded  him  much  lefs  Phofphorus  than  urine  from 
which  no  Salt  had  been  extracted ;  and  as  it  cannot  be  en- 
tirely deprived  of  this  Salt,  he  thinks  that  the  fmail  quantity 
of  Phofphorus,  which  this  urine  yielded  him,  came  from  the 
Salt  that  was  ftill  left  in  it, 

Further,  he  diftilled  this  fait  feparately  with  lamp-black, 
and  obtained  from  it  a  confiderable  quantity  of  very  fine 
Phofphorus.  He  even  mixed  Luna  cornea  with  this  Salt,  in 
order  to  fee  whether  it  would  not  increafe  the  quantity  of  his 
Phofphorus ;  but  without  fwecefs :  whence  he  concluded, 
that  in  this  Saline  matter  refides  the  true  Acid  that  is  fit  to 
enter  into  the  compofition  of  Phofphorus.  This  opinion  is 
confirmed  by  feveral  experiments  on  the  Acid  of  Phofphorus, 
which  he  found  to  have  fome  properties  refembiing  thofe  of 
this  Salt. 

The  Acid  of  Phofphorus  feems  to  be  more  fixed  than  any 
other :  and  therefore  if  you  would  feparate  it,  by  burning, 
from  the  Phlogiflon  with  which  it  is  united,  there  is  no  oc- 
cafion  for  fuch  an  apparatus  of  veffels  as  is  employed  for  obtain- 
ing the  Spirit  of  Sulphur.  For  this  Acid  will  remain  at  the 
bottom  of  the  vefiel  in  which  you  burn  your  Phofphorus  : 
indeed,  if  it  be  urged  by  the  force  of  fire,  its  mod  fubtile 
part  evaporates,  and  the  remainder  appears  in  the  form  of  a 
vitrified  matter. 

This  Acid  eifervefees  with  fixed  and  volatile  Alkalis,  and 
therewith  forms  Neutral  Salts ;  but  very  different  from  Sea- 
fait,  and  from  Sal  Ammoniac.  That  which  has  a  fixed  Al- 
kali for  its  bails  does  not  crackle  when  thrown  on  burning 
coals;  but  fwells  and  vitrifies  like  Borax.  That  which  has  a 
volatile  Alkali  for  its  bafis  fhoots  into  long  pointed  cryfrals; 
and,  being  urged  by  fire  in  a  retort,  lets  go  its  volatile  alkali, 

I)  d  a  vi- 
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a  vitrified  matter  remaining  behind.  This  Salt  is  like  that 
above-mentioned,  as  obtained  from  urine  and  yielding  Phof- 
phorus. 

It  appears  from  the  experiments  adduced,  that  the  Acid  of 
Phofphorus  tends  always  to  vitrification  ;  which  proves  that 
it  is  not  pure,  and  gave  M.  Marggraff  caufe  to  think  that 
it  is  altered  by  the  admixture  of  a  very  lobule  vitrifiable 
ear  in. 

M.  Marggraff  alfo  obtained  Phofphorus  from  feveral  vege- 
table fubf  lances  which  we  ufe  every  day  for  food.  This  gives 
him  occafion  to  conjecture,  that  the  Salt  requifite  to  the  for- 
mation Gf  Phofphorus  exifts  in  vegetables,  and  paries  from 
thence  into  the  animals  that  feed  upon  them. 

Lallly,  he  concludes  his  differtation  by  informing  us  of  a 
very  important  truth,  viz.  That  the  Acid  obtained  from 
Phofphorus,  by  burning  it,  will  ferve  to  form  Phofphorus 
anew  ;  for  which  purpofe  it  need  only  be  combined  with  fome 
charred  coal,  fuch  as  lamp-black,  and  di  frilled. •• 

From  what  hath  been  faid  on  this  fubjeCt  it  is  plain,  that 
the  Chymifts  have  a  great  many  curious  and  interefling  in- 
quiries to  make  concerning  Phofphorus,  and  particularly  con- 
cerning its  Acid. 

I  mall  conclude  this  article  with  an  account  of  certain  pro- 
perties of  Phofphorus  which  I  have  not  yet  mentioned. 

Phofphorus  diiTolves  by  lying  expofed  to  the  air.  What 
water  cannot  eiTeCi,  fays  M.  Hellot,  or  at  lead  requires  eight 
r  ten  years  to  bring  about,  the  moiilure  of  the  air  accom- 
plices in  ten  or  twelve  days  -3  whether  it  be  that  the  Phof- 
phorus takes  fire  in  the  air,  and  the  inflammable  part-  evapo- 
rating, almofi  entirely,  leaves  the  Acid  of  the  Phofphorus 
naked,  which,  like  all  other  Acids,  when  exceedingly  con- 
centrated, is  very  greedy  of  moiilure ;  or  elfe  that  the  moi- 
ilure of  the  air,  being  water  divided  into  infinitely  fine  par- 
ticles, is  fo  fubtile  as  to  find  its  way  through  the  pores  of  the 
Phofphorus,  into  which  the  groifer  particles  of  common  wa- 
ter can  by  no  means  infmuate  themielves. 

Phofphorus  heated  by  the  vicinity  of  hre,  or  .by  being  any 
way  rubbed,  foon  takes  lire  and  burns  fiercely.  It  is  foluble 
in  all  Oils  and  in  Ether,  giving  to  thole  liquors  the  property 
of  appearing  luminous  when  the  bottle  containing  the  folu- 
tion  is  opened.  Being  boiled  in  water,  it  likewife  commu- 
nicates thereto  this  luminous  quality.  M.  Morin,  ProfeiTbr 
at  Chartres,  is  the  author  of  this  obfervation. 

The  late  Mr.  Groffe,  a  celebrated  Ghymiit  of  the  Acade- 
my of  Sciences,    cbferved,  that  Phofphorus  being  diffclved 

in 
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in  eflential  oils  cryfbllizcs  therein.  Thefe  cryfials  take  fire 
in  the  air,  either  when  thrown  into  a  dry  veiTcl,  or  wrapt  up 
in  a  piece  of  paper.  If  they  be  dipped  in  Spirit  of  Wine, 
and  taken  out  immediately,  they  do  not  afterwards  rake  fire 
in  the  air :  they  fmoke  a  little,  and  for  a  very  fhort  time,  but 
hardly  wafte  at  all..  Though  fome  of  them  were  left  in  a 
fpoon  for  a  fortnight,  they  did  not  feem  to  have  loft  any 
thing  of  their  bulk  :  but  when  the  fpoon  was  wanned  a  little 
,they  took  fire,  juft  like  common  Phofphorus  that  had  never 
been  diflblved  and  cryfhllized  in  an  efi'ential  Oil. 

M.  Marggraff,  having  put  a  dram  of  Phofphorus,  with  an 
ounce  of  highly  concentrated  Spirit  of  Nitre,  into  a  glafs  re- 
tort, obferved,  that,  without  the  help  of  fire,  the  Acid  dif- 
foived  the  Phofphorus;  that  part  of  the  Acid  came  over  into 
the  recipient  which  was  luted  to  the  retort;  that,  at  the  fame 
•time,  the  Phofphorus  took  fire,  burnt  furiouily,  and  burfi: 
the  vefTels  with  explofion.  Nothing  of  this  kind  happens 
when  any  of  the  other  Acids,  though  concentrated,  are  ap- 
plied to  PhofphGrus. 


PROCESS     III. 

To  decompofe  Sea-falt  by  means  of  the  Vitriolic  Acid.  Glau- 
ber s  Salt.  The  Purification  and  Concentration  of  Spirit 
of  Salt. 

TT;'- UT  the  Sea-falt  from  which  you  mean  to  extracl:  the 
*  Acid  into  an  unglazed  earthen  pipkin,  and  fet  it  amidffc 
Vivt  coals.  The  Salt  will  decrepitate,  grow  dry,  and  fall  in- 
to a  powder.  Put  this  decrepitated  Salt  into  a  tubulated 
glafs  retort,  leaving  two  thirds  thereof  empty.  Set  the  re- 
tort in  a  reverberating  furnace;  apply  a  receiver  like  that 
ufed  in  diftilling  the  Smoking  Spirit  of  Nitre,  and  lute  it  on 
in  the  fame  manner,  or  rather  more  exactly  if  poflible.  Then 
through  the  hole,  in  the  upper  convexity  of  the  retort,  poiir 
a  quantity  of  highly  concentrated  Oil  of  Vitriol,  equal  in 
weight  to  about  a  third  part  of  your  Salt,  and  immediately 
fhut  the  hole  very  dofe  with  a  glafs  ftopple,  firft  ground 
therein  with  emery  fo  as  to  fit  it  exactly. 

As  foon  as  the  Oil  of  Vitriol  touches  the  Salt,  the  retort 
and  receiver  will  be  filled  with  abundance  of  white  vapours; 
and  foon  after,  without  lighting  any  fire  in  the  furnace,  drops 
of  a  yellow  liquor  will  diftil  from  the  nofe  of  the  retort.  Tut 
the  diftillation  proceed  in  this  manner  without  fire,  as  long 
D  4  2  as 


2iz  ELEMENTS     of     the  Sett.  i. 

ns  vou  perceive  any  drops  come  :  afterwards  kindle  a  very 
fmail  fire  under  the  retort,  and  continue  diftilling  and  rai- 
iing  the  fire  by  very  flow  degrees,  and  wit'  great  caution,  to 
the  ?nd  of  the  diftillation  ;  which  will  be  finifned  before  you 
have  occafion  to  make  the  retort  red-hot.  Unlute  the  vef- 
icls,  and  without  delay  pour  the  liquor,  which  is  a  very 
frnoking  Spirit  of  Salt,  out  of  the  receiver  into  a  cryftal  boN 
tie,  like  that  directed  for  the  frnoking  Spirit  of  Nitre. 

OBSERVATIONS. 

Sea-Salt,  as  bath  been  already  faid,  is  a  Neutral  Salt 
compofed  of  an  Acid,  which  differs  from  thofe  of  Vitriol 
and  Nitre,  combined  with  a  fixed  Alkali  that  has  fome  pe* 
culiar  properties ;  but  does  not  vary  from  the  others  in  its  af- 
finities. This  Salt  therefore,  as  well  as  Nitre,  muft  be  de- 
compofed  by  the  Vitriolic  Acid  -,  which  accordingly  is  the 
cafe  in  the  procefs  here  defcribed.  The  Vitriolic  Acid  unites 
with  tbe  Alkaline  bafis  of  the  Sea-falt,  and  feparates  its 
Acid  \  and  that  with  much  greater  facility  than  it  expels  the 
'Nitrous  Acid  from  its  Alkaline  bafis,  becaufe  the  Acid  of 
Sea-falt  has  not  fo  great  an  affinity  as  the  Nitrous  Acid  with 
Fixed  Alkalis 

As  a 'highly  concentrated  Oil  of  Vitriol  is  ufed  on  this 
occafion,  and  as  the  Sea-falt  is  previoufly  dried  and  decrepi- 
tated, -the  Acid  obtained  from  it  by  diftillation  is  very  free 
from  phlegm,  and  always  fmokes,  even  more  violently  than 
the  itrongeft  Acid  of  Nitre.  The  vapours  of  this  Acid  are 
alfo  much  more  elaftic  and  more  penetrating  than  thofe  of 
the  Nitrous  Acid:  on  which  account  this  diftillation  of  the 
frnoking  spirit  of  Salt  is  one  of  the  moft  difficult,  mod  la- 
borious, and  moft  dangerous  operations  in  Chymiftry. 

This  procefs  requires  a  tubulated  retort,  that  the  Oil  of 
Vitriol  may  be  mixed  with  the  Sea-falt  after  the  receiver  is 
well  luted  to  the  retort,  and  not  before :  for,  as  foon  as  thefe 
two  matters  come  together,  the  Spirit  of  Salt  rufnes  out 
with  fo  much  impetuofity,  that,  if  the  veflels  were  not  luted 
at  the  time,  the  copious  vapours  that  would  iflue  through 
the  neck  of  the  ballon  would  fo  moiften  it,  as  well  as  the 
neck  of  the  retort,  that  it  would  be  impracticable  to  apply 
the  lute  and  fecure  the  joint  as  the  operation  requires. 
Moreover,  the  operator  would  be  expofed  to  thofe  dangerous 
fumes,  which,  on  this  occafion,  rufh  out,  and  enter  the 
lungs,  with  iuch  incredible  activity  as  to  threaten  inftant  fuf- 
fecatiou. 

Having 
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Having  fold  fo  much  of  the  elafticity  and  activity  of  the 
fumes  of  Spirit  of  Salt,  it  is  needlefs  to  infift  upon  the  ne- 
eefTity  of  giving  vent  to  the  vcffels  from  time  to  time,  by 
opening  the  little  hole  of  the  ballon  :  indeed  the  beft  way  to 
prevent  the  lofs  of  a  great  many  vapours,  on  this  occafion, 
is  to  employ  adopters,  and  cover  them  with  wet  canvas,  which 
will  cool  and  condenfe  the  vapours  they  contain. 

When  the  operation  is  finifhed,  we  find  a  white,  faline 
mafs  at  the  bottom  of  the  retort  as  in  a  mould.  If  this  mafs 
•be  difiblved  in  water,  and  the  folution  cryftallized,  it  yields 
a  confiderable  quantity  of  Sea-falt  that  hath  not  been  decom- 
pofed, and  a  Neutral  Salt  confiding  of  the  Vitriolic  Acid 
united  with  the  Alkaline  bafis  of  that  part  which  hath  been 
decompofed.  This  Neutral  Salt,  which  bears  the  name  of 
Glauber  its  inventor,  differs  from  Vitriolated  Tartar,  or  the 
>Sal  de  duobuS)  which  remains  after  diftilling  the  Nitrous 
Acid,  efpecially  in  that  it  is  more  fufible,  more  foluble  in 
•water,  and  hath  its  cryftals  differently  figured.  But  as  in 
thefe  two  Salts  the  Acid  is  the  fame,  the  differences  that 
appear  between  them  mult  be  attributed  to  the  peculiar  na- 
ture of  the  bafis  of  Sea-falt. 

Spirit  of  Salt  drawn  by  the  procefs  above  defcribed  is 
tainted  with  a  fmall  mixture  of  the  Vitriolic  Acid,  carried 
up  by  the  force  of  fire  before  it  had  time  to  combine  with 
the  Alkali  of  the  Sea-falt;  which  happens  likewife  to  the 
Nitrous  Acid  procured  in  the  fame  manner.  If  you  defire 
to  have  it  pure,  and  abfolutely  free  from  the  Acid  of  Vi- 
triol, it  muff  be  diftilled  a  fecond  time  from  Sea-falt,  as 
the  Acid  of  Nitre  was  before  directed  to  be  diftilled  again 
from  frefh  Nitre,  in  order  to  purify  it  from  any  Vitriolic 
taint. 

Sea-falt,  as  well  as  Nitre,  may  be  decompofed  by  any 
combination  of  the  Vitriolic  Acid  with  a  metallic  or  earthy 
fubftance :  but  it  is  proper  to  obferve,  that  if  you  diftil  Spi- 
rit of  Salt  by  means  of  Green  Vitriol,  the  operation  will 
not  fueceed  fo  well  as  when  Spirit  of  Nitre  is  diftilled  in  the 
fame  manner :  leis  Spirit  is  obtained,  and  a  much  fiercer 
fire  is  required. 

The  caufe  of  this  lies  in  the  property  which  the  Acid  of 
Sea-falt  pofTeiTes  of  diffolving  Iron,  even  when  deprived  of 
a  part  of  its  Phiogiiron  by  having  contracted  an  union  with 
another  Acid;  fo  that  it  is  no  fooner  diilodged  from  its  own 
bafis  by  the  Vitriolic  Acid,  than  it  unites  with  the  ferrugi- 
nous bafis  of  the  Vitriol,  from  which  it  cannot  be  feparated 
but  by  a  moft  violent  fire.     This  is   the  confequence  more 

efpecially 
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efpecially  when  calcined  Vitricl  is  made  ufe  of:  for  moi- 
fture,  as  we  fhall  prefentlv  fee,  greatly  facilitates  the  fepara- 
fion  of  the  Marine  Acid  from  thofe  fubftances  with  which  it 
is  united. 

When  you  do  not  defire  a  highly  dephlegmated  and  fmok- 
ing  Spirit  of  Salt,  you  may  diflil  with  the  additament  of 
any  earth  containing  the  Vitriolic  Acid ;  as  Clay,  for  in- 
ftance,  or  Bole.  To  this  end  one  part  of  Sea-falt,  flightly 
dried  and  reduced  to  a  fine  powder,  mult  be  accurately  min- 
gled with  two  parts  of  the  earth  you  intend  to  employ  like- 
wife  pulverized  ;  of  this  mixture  make  a  ftiff  pafte  with  a 
proper  quantity  of  rain  water,  and  having  formed  little  balls 
thereof  about  the  fize  of  a  hazel  nut,  let  them  dry  in  the 
fun;  when  dry,  put  them  into  a  ftone  or  coated  glafs  retort, 
leaving  a  third  part  thereof  empty;  fct  this  vefTel  in  a  rever- 
berating furnace,  covered  with  its  dome  ;  apply  a  receiver, 
which  need  not  be  luted  on  for  fome  time;  and  heat  the  vef- 
fels  very  ilowly.  At  firft  an  infipid  water  will  rife,  which 
muft  be  thrown  away:  afterwards  the  Spirit  of  Salt  will  ap- 
pear in  white  clouds.  Now  lute  your  veifels,  and  raife  the 
fire  by  degrees  ;  which,  towards  the  end  muft  be  pufhed  to 
the  utmoft  extremity.  The  operation  is  known  to  be  fi- 
nished when  no  drops  fall  from  the  nofe  of  the  retort,  the 
receiver  cools,  and  the  white  vapours  that  filled  it  are  i'ecn 
no  more. 

The  Spirit  of  Salt  obtained  by  the  procefs  here  delivered 
does  not  fmoke,  and  contains  much  more  phlegm  than  that 
which  is  diftilled  by  means  of  the  concentrated  Oil  of  Vi- 
triol ;  becaufe  the  earth,  though  dried  in  the  fun,  ftill  re- 
tains a  great  deal  of  moifture,  which  commixes  with  the 
Acid  of  the  Sea-falt.  Confequently  it  is  much  eafier  to 
collecl:  its  vapours ;  fb  that  this  operation  is  attended  with 
much  lefs  trouble  than  the  other.  Neverthelefs  it  is  adviie- 
able  to  proceed  gently ;  to  apply  but  little  heat  at  firft,  and 
to  unftop  every  now  and  then  the  fmall  hole  of  the  receiver : 
for  a  quantity  of  the  vapours  of  Spirit  of  Salt,  even  when 
weakened  by  the  admixture  of  water,  is  very  apt  to  burft  the 
veffels. 

A  much  greater  degree  of  fire  is  neceffary  to  raife  the 
Spirit  of  Salt  by  this  latter  procefs,  than  by  that  in  which 
the  pure  Vitriolic  Acid  is  employed  :  for,  as  fail  as  the  Spi- 
rit of  Salt  is  diflodged  from  its  own  bafis,  by  the  Vitriolic 
Acid  contained  in  the  earth  made  ufe  of,  part  of  it  joins 
that  earth,  and  cannot  be  feparated  from  it  without  the  moft 
violent  heat. 

A  Spi^ 


Chap.  3-    PRACTICE    of    CHYMISTRY.      215 

A  Spirit  of  Salt  that  fhall  not  fmoke  may  alfo  be  obtain- 
ed by  means  of  the  pure  Vitriolic  Acid.  Spirit  of  Vitriol* 
or  Oil  of  Vitriol,  lowered  with  a  good  deal  of  water,  will 
do  the  bufinefs. 

Some  Chymifts  direct  a  little  water  to  be  placed  in  the  re- 
ceiver, when  Spirit  of  Salt  is  to  be  diddled  by  the  interme- 
dium of  concentrated  Oil  of  Vitriol,  in  order  to  make  the 
acid  vapours  condenfe  more  readily.  By  this  means  indeed 
fome  of  the  inconveniencies  attending  the  diftillation  of 
fmoking  Spirit  of  Salt  may  be  avoided  :  but,  on  the  other 
hand,  the  acid  vapours  being  abfolutely  fuffocated  by  the 
water  as  fail  as  they  come  over*  the  Spirit  of  Salt  obtained 
by  this  method  will  be  no  lefs  aqueous  than  that  procured  by 
the  interpofition  of  earths  :  fo  that  here  is  an  expence  to  no 
manner  of  purpofe.  Therefore,  when  a  Spirit  of  Salt  is 
defired  that  fhall  not  fmoke,  it  is  beft  to  employ  an  addita- 
ment  of  earth ;  and  that  fo  much  the  rather  as  the  Marine 
Acid  obtained  by  this  means  is  purer  and  freer  from  any  Vi- 
triolic taint,,  for  the  reafons  already  afiigned. 

Part  of  the  Acid  of  Sea- fait  may  be  feparated  from  its 
Alkaline  bafis  by  the  force  of  fire  alone,  without  the  inter- 
vention of  any  other  body.  With  this  view  the  Salt  m-uft 
be  put  inco  the  retort  without  being  dried.  At  fir  ft  an  infi- 
pid  water  rifes :  but  it  gradually  becomes  acid,  and  hath  all 
the  properties  of  Spirit  of  Salt.  When  the  Salt  in  the  re- 
tort is  grown  perfectly  dry,  nothing  more  can  be  forced  over 
by  any  degree  of  heat  whatever.  .  If  you  would  obtain  more 
Acid  from  the  fame  Salt,  you  mufl  take  it  out  of  the  retort, 
where  you  will  find  it  in  a  lump,  reduce  it  to  powder,  and 
expofe  it  to  the  air  for  fome  time/  that  it  may  attract  the 
moifture  thereof;  or  eUc  wet  it  at  once  with  fome  rain  wa- 
ter, and  diftil  as  before.  You  will  again  have  an  infipid 
water,  and  a  little  Spirit  of  Salt ;  which  will  in  like  manner 
ceafe  to  rife  when  the  Salt  in  the  retort  becomes  dry.  This 
operation  may  be  repeated  as  often  as  fliall  be  thought  pro- 
per :  and  perhaps  it  may  be  poflible.io  decompofe  Sea-falt 
entirely  by  means  thereof,  without  the  interpofition  of  any 
other  body.  The  Spirit  of  Salt  thus  obtained  is  exceeding 
weak,  in  fmall  quantity,  and  loaded  with  much  water. 

This  experiment  proves,  that  moifture  greatly  facilitates 
the  feparation  of  the  Acid  of  Sea-falt  from  the  matters  with 
which  it  is  united  :  and  this  is  the  reafon  that,  in  diftilling 
Spirit  of  Salt  with  the  additament  of  an  earth,  the  operation 
requires  much  lefs  fire  at  the  beginning,  while  the  earth  and 
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fait  retain  a  great  deal  of  humidity,    than  towards  the  end, 
when  they  begin  to  grow  dry. 

After  the  operation  there  remains  in  the  retort  a  faline  and 
earthy  mafs,  which  contains,  I.  Some  entire  Sea-falt  that 
has  differed  no  decompofition  ;  2.  A  Glauber's  Salt  which 
is,  as  we  faid  before,  a  Neutral  Salt  confiding  of  the  Vitri- 
olic Acid  united  with  the  Alkaline  bafis  of  the  Sea-falt, 
from  which  it  hath  expelled  its  proper  Acid;  3.  Part  of  the 
earth  ufed  as  an  intermedium,  dill  retaining  a  portion  of  its 
original  Vitriolic  Acid,  which  happening  not  to  lie  near 
enough  to  any  particles  of  Sea-falt,  could  not  exert  its  power 
in  decompofmg  them,  and  fo  remains  united  with  its  earthy 
bafis;  4.  Another  part  of  the  fame  earth,  impregnated  with 
ibme  of  the  Marine  Acid,  which  combined  therewith  upon 
being  expelled  from  its  Alkaline  bafis  by  the  Vitriolic  Acid, 
and  which  the  force  of  fire  was  unable  to  feparate  from  it' 
when  the  matters  were  grown  perfectly  dry.  In  confequencc 
of  what  remains  in  this  caput  mortuum,  if  the  whole  mafs- 
be  triturated,  moifiened  with  a  little  water,  and  didilled  a 
fecond  time,  confiderably  more  Spirit  of  Salt  will  be  obtain- 
ed from  it :  and  the  fame  is  to  be  faid  of  all  diflillations  of 
this  fort. 

Spirit  of  Salt  obtained  by  the  means  of  any  other  addita- 
ment  than  concentrated  Oil  of  Vitriol  is  generally  very  weak : 
but  it  may  be  dephlegmated  and  concentrated,  if  required, 
much  in  the  fame  manner  as  Oil  of  Vitriol.  For  this  pur- 
pofe  you  muft  put  it  into  a  glafs  cucurbit,  fet  it  in  a  balneum 
marice,  fit  thereto  a  head  and  a  receiver,  and  with  a  mode- 
rate degree  of  heat  draw  off  one  third  or  one  half  of  the  li- 
quor. '  What  comes  over  into  the  receiver  will  be  the  rood 
aqueous  part,  which  being  the  lighted  will  rife  firft,  im- 
pregnated however  with  a  little  acid  :  in  the  cucurbit  will  be 
left  a  concentrated  Spirit  of  Salt,  or  the  mod  acid  part, 
which  being  the  heavied  will  not  rife  with  the  degree  of  heat 
that  is  capable  of  carrying  up  the  phlegm.  Spirit  of  Salt 
thus  concentrated,  called  alfo  Oil  of  Salt,  does  not  fmoke : 
it  is  of  a  yellow  colour  inclining  to  green,  and  an  agreeable 
fmellj  not  unlike  that  of  faffron. 


PROCESS 


Chap.  3,     PRACTICE   of    CHYMISTRY.      217 


PROCESS    IV. 

To  decompofe  Sea-falt  by  means  of  the  Nitrous  Acid.     Aqua 
regis,     ghiadr  angular  Nitre. 

TAKE  dried  Sea-falt;  bruife  it  to  powder;  put  it  into  a 
glafs  retort,  leaving  one  half  of  the  vefTel  empty.  Pour 
upon  it  a  third  of  its  weight  of  good  Spirit  of  Nitre.  Place 
your  retort  in  the  fand-bath  of  a  reverberating  furnace;  put 
on  the  dome;  lute  to  the  retort  a  receiver  having  a  fmall 
hole  in  it,  and  heat  the  veifels  very  flowly.  There  will  come 
over  into  the  receiver  fome  vapours,  and  an  acid  liquor.  In- 
creafe  the  fire  gradually  till  nothing  more  rifes.  Then  un- 
lute  the  veffels,  and  pour  the  liquor  out  of  the  receiver  in- 
to a  cryftal  bottle,  flopped  like  ethers  containing  Acid  Spi- 
rits. 

OBSERVATIONS. 

The  Nitrous  Acid  hath  a  greater  affinity  than  the  Marine 
Acid  with  fixed  Alkalis.  When  therefore  Spirit  of  Nitre 
and  Sea-falt  are  mixed  together,  the  fame  confequences,  in 
fome  meafure,  will  follow,  as  when  the  Vitriolic  Acid  is 
mixed  with  that  fait  ;  that  is,  the  Nitrous  Acid  will,  like  the 
Vitriolic,  decompofe  it,  by  diflodging  its  Acid  from  its  Al- 
kaline bafis,  and  afiiiming  its  place.  But  as  the  Nitrous 
Acid  is  confiderably  weaker,  and  much  lighter,  than  the 
Vitriolic  Acid,  a  good  deal  of  it  rifes  along  with  the  Acid 
of  Sea-falt  during  the  operation.  The  liquor  found  in  the 
receiver  is  therefore  a  true  Aqua  regis. 

If  decrepitated  Salt,  and  a  right  fmoking  Spirit  of  Nitre, 
be  employed  in  this  procefs,  the  Aqua  regis  obtained  will  be 
very  flrong ;  and,  during  the  operation,  very  elaftic  vapours 
will  rufh  out  and  burn:  the  veffels,  if  thofe  precautions  be  not 
taken  which  we  pointed  out  as  neceffary  in  diftilling  the  Spi- 
rit of  Nitre,  and  the  fmoking  Spirit  of  Salt. 

The  operation  being  finifhed,  there  is  left  in  the  retort  a 
faline  mafs,  containing  Sea-fait  not  decompofed,  and  a  new 
fpecies  of  Nitre,  which  having  for  its  bafis  the  Alkali  of 
Sea-falt,  that  is,  as  we  have  feveral  times  obferved,  an  Al- 
kali of  a  peculiar  nature,  differs  from  the  common  Nitre, 
1.  In  the  figure  of  its  cryfhls  ;  which  are  folids  of  rour  fides, 
formed  like  lozenges:  2.  In   that  it  cryfbllizes  with  more 
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difficulty,  retains  more  water  in  its  cryftals,  attracts  the  moi- 
iture  of  the  air,  and  diflblves  in  water  with  the  fame  circum- 
ftances  as  Sea-falt. 


CHAP.        IV 

Of    Borax. 


PROCESS. 

To  decompofe  Borax  by  the  means  of  Jcids,  and  to  feparate 
from  it  the  Sedative  Salt  by  fublimation  and  by  cryftalli- 
zation. 

REDUCE  to  a  fine  powder  the  Borax  from  which  you  in- 
tend to  extract  the  Sedative  Salt.  Put  this  powder  in- 
to a  wide- necked  glafs  retort.  Pour  upon  it  an  eighth  part 
of  its  weight  of  common  water,  to  moiften  the  powder ;  and 
then  add  concentrated  Oil  of  Vitriol  to  the  weight  of  fome- 
what  more  than  a  fourth  part  of  the  weight  of  Borax.  Set 
the  retort  in  a  reverberatory,  make  a  moderate  fire  at  firft, 
and  augment  it  gradually  till  the  retort  become  red-hot. 

A  little  phlegm  will  firft  come  over,  and  then  with  the  laft 
moifture  that  the  heat  expels  the  Sedative  Salt  will  rife ;  by 
which  means  fome  of  it  will  be  diiTolved  in  this  lafl  phlegm, 
and  pafs  therewith  into  the  receiver ;  but  moft  of  it  will  ad- 
here in  the  form  of  faline  flowers  to  the  fore-part  of  the  neck 
of  the  retort,  juft  where  it  is  clear  of  the  groove  of  the  fur- 
nace. There  they  collecl:  into  a  heap,  which  the  fucceeding 
flowers  pufh  infenfibly  forward  till  they  flightly  flop  the  paf- 
fage.  Thofe  which  rife  after  the  neck  is  thus  flopped  flick 
to  the  after-part  of  it  which  is  hot,  vitrify  in  fome  meafure, 
and  form  a  circle  of  fufed  Salt.  In  this  flate  the  flowers  of 
the  Sedative  Salt  feem  to  ifTue  out  of  the  circle,  as  from 
their  bafis  :  they  appear  like  very  thin,  light,  mining  fcales, 
and  muft  be  bruihed  off  with  a  feather. 

At  the  bottom  of  the  retort  will  be  left  a  faline  mafs  :  dif- 
folve  this  in  a  fufficient  quantity  of  hot  water ;  filter  the  fo- 
lution  in  order  ro  free  it  from  a  brown  earth  which  it  depo- 
fites  •,  fet  the  liquor  to  evaporate,  and  cryftals  of  Sedative 
Salt  will  form  in  it. 

G  BSER- 
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OBSERVATIONS. 

Though  Borax  is  of  great  ufe  in  many  chymical  opera- 
tions,  especially  in  the  fufion  of  metals,  as  we  fhall  have  oc- 
cafion  to  fee,  yet,  till  of  late  years,  Chymifts  were  quite  igno- 
rant of  its  nature,  as  they  ftill  are  of  its  origin ;  concerning 
which  we  know  nothing  with  certainty,  but  that  it  comes 
rough  from  the  Eafl  Indies,  and  is  purified  by  the  Dutch. 

M.  Homberg  was  one  of  the  firft  that  attempted  to  analyfe 
this  Salt.  He  (hewed,  that  on  mixing  it  with  the  Vitriolic 
Acid,  and  diftilling  the  mixture,  a  fait  fublimes  in  little  fine 
needles.  This  product  of  Borax  he  called  by  the  name  of 
Sedative  Salt,  becaufe  he  found  it  had  the  propery  of  mo- 
derating the  great  tumult  and  heat  of  the  blood  in  fevers. 

After  M.  Homberg  other  Chymifts  alfo  exercifed  them- 
felves  on  Borax.  M.  Lemery  difcovered,  that  the  Vitriolic 
is  not  the  only  Acid  by  means  of  which  the  Sedative  Salt 
may  be  obtained  from  Borax ;  but  that  either  of  the  other 
two  Mineral  Acids,  the  Nitrous  or  the  Marine,  may  be  ufed 
in  its  ftead. 

M.  GeofFroy  hath  greatly  facilitated  the  means  of  obtaining 
the  Sedative  Salt  from  Borax ;  having  (hewn  that  it  may  be 
extracted  by  cryflailization  as  well  as  by  fubiimation;  and  that 
the  Sedative  Salt  fo  obtained  is  in  no  refpecl  inferior  to  that 
which  was  procured  before  by  fubiimation  only.  To  him  alfo 
we  are  indebted  for  the  difcovery,  that  in  the  competition 
of  Borax  there  is  an  Alkaline  Salt  of  the  fame  nature  as  the 
bafis  of  Sea-falt.  This  he  found  by  obferving  that  he  got  a 
Glauber's  Salt  from  a  folution  of  Borax  into  which  he  had 
poured  fome  Vitriolic  Acid  with  a  view  to  obtain  its  Seda- 
tive Salt. 

Laftly,  M.  Baron,  whom  we  mentioned  before  on  occa- 
fion  of  this  Salt,  hath  proved,  by  a  great  number  of  experi- 
ments, that  a  Sedative  Salt  may  be  procured  from  Borax  by 
the  help  of  Vegetable  Acids,  which  was  never  done  by  any 
body  before  him ;  that  the  Sedative  Salt  is  not  a  combination 
of  an  Alkaline  matter  with  the  Acid  made  ufe  of  in  extract- 
ing it,  as  fome  of  its  properties  feemed  to  indicate  \  but  that 
it  exifts  previouily  and  completely  formed  in  the  Borax;  that 
the  Acid  employed  to  extract  it  only  helps  to  difengage  it 
from  the  Alkali  with  which  it  is  united;  that  this  Aikali  is 
actually  of  the  fame  nature  as  the  bafis  of  Sea-falt,  becaule 
that  after  extracting  the  Sedative  Salt,  which  by  its 
therewith  forms  the  Borax,  a  Neutral  Salt  is  found 
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fame  fort  with  that  which  would  be  produced  by  combining 
the  bafis  of  Sea-falt  with  the  particular  Acid  made  ufe  of; 
that  is,  if  with  the  Vitiiolic  Acid,  a  Glauber's  Salt-,  if  with 
the  Nitrous  Acid,  a  quadrangular  Nitre;  and  if  with  the 
Marine  Acid,  a  true  Sea-falt;  and,  laftly,  that  the  Sedative 
Salt  may  be  re- united  to  its  Alkali,  and  re-produce  a 
Borax. 

Nothing  therefore  now  remains,  to  give  us  all  the  infight 
we  can  defire  into  the  nature  of  Borax,  but  to  know  what 
the  Sedative  Salt  is.  M.  Baron  hath  already  given  us  cer- 
tain negative  notices  concerning  it,  by  fhewing  what  it  is 
not;  that  is,  that  the  Acid  employed  in  its  extraction  doth 
not  enter  into  its  compofition.  We  have  great  reafon  to 
hope,  that  he  will  carry  his  inquiries  ftill  further,  and  clear 
up  all  our  doubts' on  this  fubjecl:. 

The  Sedative  Salt  may  be  extracted  from  Borax,  not  only 
by  the  means  of  pure  and  fimple  Acids,  but  alfo  by  the  fame 
Acids  combined  with  a  metallic  bafis.  Thus  Vitriols,  for 
inftance,  may  be  employed  for  this  purpofe  with  good  fuc- 
cefs.  It  is  eafy  to  fee,  that  the  Vitriol  muft  be  decompofed 
on  this  occafion,  and  that  its  Acid  cannot  unite  with  the  Al- 
kali in  which  the  Sedative  Salt  is  lodged,  without  quitting 
its  metallic  bafis,  which  muft  of  courfe  precipitate. 

The  Sedative  Salt  actually  fublimes,  when  a  liquid  con- 
taining it  is  diftilled ;  but  it  does  not  therefore  follow,  that  it 
is  naturally  volatile.  It  rifes  only  by  the  aid  of  the  water 
with  which  it  is  mixed.  The  proof  of  this  affertion  is,  that, 
when  all  the  humidity  of  the  mixture  containing  this  Salt  is 
diffipated,  no  more  Salt  will  rife,  be  the  fire  ever  fo  violent; 
and  that  by  adding  more  water  to  moiften  the  dried  mafs 
containing  it,  more  Salt  will  every  time  be  obtained,  through 
many  repeated  diftiliations.  In  the  fame  manner,  if  fome 
Sedative  Salt  be  moiftened,  and  expofed  to  a  proper  degree 
of  heat,  a  finall  quantity  thereof  will  rife  at  firft  by  the  help 
of  the  water;  but  as  foon  as  it  grows  dry  it  remains  exceed- 
ingly fixed.     This  obfervation  we  owe  to  M.  Rouelle. 

The  Sedative  Salt  hath  the  appearance  and  the  tafte  of  a 
Neutral  Salt :  it  does  not  change  the  colour  of  the  juice  of 
violets  ;  nor  does  it  eafily  diffolve  in  water ;  for  it  requires  a 
quart  of  boiling  water  to  difiblve  two  ounces  of  it :  yet,  with 
regard  to  Alkalis,  it  has  the  properties  of  an  Acid;  it  unites 
with  thofe  falts,  forms  therewith  a  faline  compound  which 
cryftallizes,  and  even  expels  the  Acids  that  happen  to  be 
combined  with  them;  fo  that  it  decorrpofes  the  fame  Neutral 
&lts  that  are  decompofed  by  the  Vitriolic  Acid. 

The 
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The  Sedative  Salt,  when  fuddenly  expofed  to  the  violent 
heat  of  a  naked  fire,  lofes  near  half  its  weight,  melts,  puts 
on  and  retains  the  appearance  of  glafs-,  but  its  nature  ftill 
remains  unchanged.  This  glafs  diffolves  in  water,  and  fhoots 
anew  into  cryftals  of  Sedative  Salt.  This  Salt  communi- 
cates to  the  Alkaline  fait  with  which  it  is  united,  when  in 
the  form  of  Borax,  the  property  of  melting  with  a  moderate 
heat,  and  forming  a  kind  of  glafs;  and  it  is  this  great  fufi- 
bility  that  recommends  the  frequent  ufe  of  Borax  as  a  flux 
for  affaying  ores.  It  is  alfp  employed  fometimes  as  an  ingre- 
dient in  the  composition  of  glafs ;  but,  in  time,  it  always 
communicates  thereto  the  fault  which  its  own  glafs  hath, 
namely  that  of  tarnifhing  with  the  air.  The  Sedative  Salt 
hath,  moreover,  the  fingular  property  of  diffolving  in  Spirit 
of  Wine,  and  of  giving  to  its  flame,  when  iet  on  fire,  a 
beautiful  green  colour.  All  thefe  obfervations  we  owe  to 
MefT.  Geoffrey  and  Baron. 

M.  Geoffroy  prepares  the  Sedative  Salt  by  cryftallization 
only,  in  the  following  manner.  "  He  diffolves  four  ounces 
44  of  refined  Borax  in  a  fufficient  quantity  of  warm  water, 
44  and  then  pours  into  the  folution  one  ounce  and  two  drams 
44  of  highly  concentrated  Oil  of  Vitriol,  which  makes  a 
44  crackling  noife  as  it  falls  in.  When  this  mixture  has 
44  flood  evaporating  for  fome  time,  the  Sedative  Salt  be- 
H  gins  to  make  its  appearance  in  little,  fine,  mining  plates 
44  floating  on  the  furface  of  the  liquor.  The  evaporation  is 
M  then  to  be  flopped,  and  the  plates  will  by  little  and  little 
44  increafe  in  thicknefs  and  breadth.  They  unite  together 
44  into  little  tufts,  forming  with  each  other  fundry  different 
44  groups.  If  the  veffel  be  ever  fo  little  ftirred,  the  regulari- 
44  ty  of  the  cryftals  will  be  difturbed ;  fo  that  it  muft  not  be 
M  touched  till  the  cryftallization  appears  to  be  finifhed.  The 
44  cryftalline  clufters,  being  grown  too  bulky  and  too  heavy, 
44  will  then  fall  of  themfelves  to  the  bottom  of  the  veffel. 
44  This  being  obferved,  the  faline  liquor  muft  be  gently  de- 
44  canted  from  thofe  little  cryftals,  which,  as  they  are  not 
44  eafily  diffolved,  muft  be  wafhed  clean,  by  pouring  cold 
44  water  flowly  on  the  fides  of  the  pan,  three  or  four  times 
"  fucceffively,  in  order  to  rinfe  out  all  remains  of  the  faline 
44  liquor,  and  then  fet  firft  to  drain,  and  afterwards  to  dry 
44  in  the  fun.  This  Salt,  in  the  form  of  light  flakes  of 
44  fnow,  is  now  foft  to  the  touch,  cool  in  the  mouth,  flight— 
44  ly  bitter,  crackling  a  little  between  the  teeth,  and  leaving 
44  a  fmall  impreffion  of  acidity  on  the  tongue.  It  will  keep 
44  long  without  giving  or  calcining,  if  managed  according 
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"  to  the  preceding  directions ;  that  is,  if  it  be  exa&ly  freed 
u  from  its  faline  liquor. 

"  It  differs  from  the  Sedative  Salt  obtained  by  fublima- 
"  tion  in  this  refpetl:  only,  that  notwithstanding  its  feeming 
"  lightnefs  it  is  a  little  heavier  than  the  other.  M.  Geoffroy 
"  fuppofes  the  caufe  of  this  weight  to  be,  that,  as  feveral  of 
i(  the  thin  plates  adhere  together  in  cryftallizing,  they  retain 
"  between  them  fome  fmall  matter  of  humidity;  or,  if  you 
"  will,  that,  as  they  form  larger  cryftals,  they  prefent  lefs 
"  furface  to  the  air  which  elevates  light  bodies :  whereas,  on 
"  the  contrary,  the  other  Sedative  Salt,  being  driven  up  by 
"  the  force  of  fire,  rifes  into  the  head  of  the  cucurbit  in  a 
"  more  fubtile  form,  having  its  particles  much  more  expand- 
"  ed  and  divided. 

"  M.  Geoffroy,  having  put  his  Sedative  Salt  made  by 
(<  cryftallization  to  all  the  fame  trials  with  that  made  by  fub- 
u  limation,  fatisfied  himfelf  that  there  is  no  other  difference 
"  between  the  two.  If  the  Sedative  Salt  made  by  cryftalli- 
M  zations  happens  to  calcine  in  the  fun  ;  that  is,  if  its  luftre 
**  tarnifties,  and  its  furface  grows  mealy,  it  is  a  fign  that  it 
"  ftill  contains  either  a  little  Borax  or  fome  Glauber's  Salt  : 
"  for  thefe  two  Salts  are  apt  to  calcine  in  this  manner,  and 
"  pure  Sedative  Salt  mould  not  be  fubjecl:  to  this  inconve- 
"  nience.  In  order  to  purify  it,  and  free  it  entirely  from 
"  thofe  Salts,  it  muft  be  diffolved  once  more  in  boiling  wa- 
"  ter.  As  foon  as  the  water  cools,  the  Sedative  Salt  re- 
"  appears  in  light,  mining,  cryflalline  plates,  fwimming  in 
"  the  liquor.  After  {landing  four  and  twenty  hours,  the  li- 
•*  quor  muft  be  decanted,  and  the  fait  warned  with  fre(h 
<c  water  ;  by  which  means  it  will  be  very  pure  and  beau- 
«  tiful." 

Glauber's  Salt  and  Borax  diffolve  in  water  with  vafily  more 
eafe  than  the  Sedative  Salt,  and  confequently  do  not  cryftal- 
lize  fo  readily  by  much:  fo  that  the  fmall  portion  of  thofe 
falts  which  may  have  been  left  on  the  furface  of  the  Sedative 
Salt,  being  diffufed  through  a  large  quantity  of  water,  con- 
tinues in  a  ftate  of  folution,  while  the  Sedative  Salt  cryftal- 
lizes;  which  being  alfo  warned  afterwards  with  fair  water,  it 
is  impoflible  that  the  fmalleft  particle  of  thofe  other  Salts 
fhould  remain  adhering  to  it ;  and  confequently  this  muft  be 
deemed  an  excellent  way  of  purifying  it. 


SECTION 
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SECTION      II. 

Of  Operations    on    Metals. 

CHAP.       I. 

Of   Gold. 

PROCESS     I. 

To  feparate  Gold,  by  Amalgamation  with  Mercury,  from  the 
Earth  and  Stones  with  which  it  is  found  mixed, 

PULVERIZE  the  earths  and  ftones  containing  Gold. 
Put  the  powder  into  a  little  wooden  tray ;  dip  this  tray 
in  water,  gently  fhaking  it  and  its  contents.  The  water  will 
grow  muddy,  by  taking  up  the  earthy  parts  of  the  ore.  Con- 
tinue warning  it  in  this  manner  till  the  water  ceafe  to  appear 
turbid.  Upon  the  ore  thus  warned  pour  ftrong  vinegar, 
having  firft  difiblved  therein,  by  the  help  of  hear,  about  a 
tenth  part  of  its  weight  of  alum.  The  powder  muft  be  quite 
drenched  and  covered  with  this  liquor,  and  fo  left  to  ftand 
for  twice  twenty-four  hours. 

Decant  the  vinegar,  and  wafh  your  powder  with  warm 
water,  till  the  laft  that  comes  off  hath  no  tafle :  then  dry  it, 
znd  put  it  into  an  iron  mortar,  with  four  times  its  weight  of 
Quick-filver:  triturate  the  whole  with  a  heavy  wooden  peftle, 
till  all  the  powder  be  of  a  blackifh  colour :  then  pour  in  a 
little  water,  and  continue  rubbing  for  fome  time  longer. 
More  earthy  and  heterogeneous  particles  will  be  feparated 
from  the  metalline  parts  by  means  of  this  water,  which  will 
look  dirty :  it  muft  then  be  decanted,  and  more  fair  water 
added.  R.epeat  this  feveral  times ;  then  dry  what  remains 
in  the  mortar  with  a  fponge,  and  by  the  help  of  a  gentle 
heat:  you  will  find  it  an  Amalgam  cf  the  Mercury  with  the 
Gold. 

Put  this  Amalgam  into  a  chamoy  bag :  tie  a  knot  on  its 
neck,  and  fqueeze  it  hard  between  your  fingers,  over  fome 

wide- 
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wide-mouthed  vefTel ;  there  will  ifTue  through  the  pores  of 
the  leather  numberlefs  little  jets  of  Mercury,  forming  a  fort 
of  mower,  that  will  collect  into  large  globules  in  the  veffel 
placed  underneath.  When  you  can  force  out  no  more  Mer- 
cury by  this  means,  open  the  bag,  and  in  it  you  will  find 
the  Amalgam  freed  from  the  fuperfluous  Mercury  ;  the  Gold 
retaining  only  about  as  much  thereof  as  nearly  equals  itfelf 
in  weight. 

Put  this  Amalgam  into  a  glafs  retort ;  fet  this  retort  in  the 
fand-bath  of  a  reverberating  furnace ;  cover  it  quite  over  with 
fand ;  apply  a  glafs  receiver  half  full  of  water,  fo  that  the 
nofe  of  the  retort  may  be  under  the  water.  The  receiver 
need  not  be  luted  to  the  retort.  Give  a  gradual  heat,  and 
raife  the  fire  till  drops  of  the  fublimed  Mercury  appear  in 
the  neck  of  the  retort,  and  fall  into  the  water  with  a  biffing 
noife.  If  you  hear  any  noife  in  the  retort  flacken  your  fire  a 
little.  Laftly,  when  you  obferve,  that,  though  you  raife  the 
fire  (till  higher  than  before,  nothing  more  will  come  over, 
take  out  your  retort,  break  it,  and  there  you  will  find  the 
Gold,  which  mult  be  melted  in  a  crucible  with  Borax. 

OBSERVATIONS. 

Gold  is  a  perfect  metal,  which  can  by  no  means  be  de- 
prived of  its  Phlogifton,  and  on  which  few,  even  of  the  mod 
powerful  chymical  folvents,  have  any  effect :  and  therefore 
it  almoft  always  hath  its  metalline  form  when  found  in  the 
earth ;  from  which  it  may  fometimes  be  feparated  by  fimple 
lotion.  The  Gold  dull  found  in  the  fands  of  certain  rivers  is 
of  this  kind.  When  it  refides  in  (tones,  or  tenacious  earths, 
it  may  be  extracted  by  the  procefs  here  delivered  ;  to  wit,  by 
Amalgamation,  or  combination  of  Mercury  with  Gold. 
Mercury  is  incapable  of  uniting  with  any  earthy  fubilances, 
not  even  with  the  metallic  earths,  when  they  are  deprived 
of  their  Phlogilton,  and  confequently  have  not  the  metalline 
form. 

Hence  it  follows,  that  when  Mercury  is  triturated  with 
particles  of  Gold,  of  earth,  and  of  ftone,  mingled  together, 
it  unites  with  the  Gold,  and  feparates  it  from  thofe  hetero- 
geneous matters.  Yet,  if  there  be  along  with  the  Gold  any 
other  metal,  in  its  metalline  form,  except  Iron,  the  Mercu- 
ry will  amalgamate  with  that  alfo.  This  often  happens  to 
Silver,  which  being  a  perfect  metal  as  well  as  Gold,  is  for 
that  reafon  fometimes  dug  up  in  its  metalline  form,  and  even 
incorporated  with  Gold.     When  this  is  the  cafe,  the  mafs 

I  that 


Chap.  i.    PRACTICE  of  CHYMISTRY.      225 

that  remains  in  the  retort,  after  abftracting  the  Mercury  of 
the  Amalgama,  is  a  compound  of  Gold  and  Silver,  which 
are  to  be  feparated  from  each  other  by  the  methods  we  fhall 
give  for  that  purpofe.  The  prefent  procefs  is  therefore  ap- 
plicable to  Silver  as  well  as  Gold. 

Sometimes  Gold  is  intimately  combined  with  fuch  mine- 
ral matters  as  hinder  the  Mercury  from  acting  upon  it.  In 
that  cafe  the  mixed  mafs  muft  be  roafted  before  you  proceed 
to  Amalgamation :  for  if  the  matters  be  volatile,  fuch,  for 
inftance,  as  antimony  or  arfenic,  the  fire  will  carry  them  off; 
fo  that,  after  roafting,  the  Amalgamation  will  fucceed.  But 
fometimes  thefe  matters  are  fixed,  and  require  fufion ;  if  fo, 
recourfe  muft  be  had  to  fome  particular  methods,  which  we 
(hall  defcribe  when  we  come  to  treat  of  Silver,  as  thefe  two 
perfect,  metals  are  to  be  treated  in  the  fame  manner. 

Ores  containing  Gold  muft  be  wafhed  before  an  Amalgam 
is  attempted ;  that  the  metalline  parts,  being  freed  from  the 
numerous  particles  of  earth  with  which  they  are  encompaffed, 
may  the  more  readily  incorporate  with  the  Mercury.  Befides, 
it  is  the  property  of  Mercury  to  take  the  form  of  a  dark  un- 
metallic  powder,  after  being  long  rubbed  with  other  matters, 
fo  that  it  cannot  be  eafily  diftinguifhed  from  the  particles  of 
earth.  And  hence,  if  you  ftill  continue  to  grind  the  mat- 
ters together,  after  the  Amalgamation  is  completed,  and  wafh 
them  again  and  again,  the  water  that  comes  off  will  always 
look  turbid,  being  impregnated  with  fome  particles  of  the 
Amalgam.  This  is  eafily  proved :  for  if  you  let  the  turbid 
water  fettle,  and  diftil  the  fediment,  you  will  obtain  Quick- 
filver  from  it. 

The  ore  is  to  be  fteeped  in  vinegar  charged  with  alum,  in 
order  to  cleanfe  the  furface  of  the  Gold,  which  is  often  co- 
vered with  a  thin  coat  of  earth  that  obftru&s  the  Amaltja- 
mation. 

Great  care  muft  be  taken  that  the  Mercury  employed  in 
this  operation  be  very  pure.  If  it  be  adulterated  with  any 
metallic  fubftance,  it  muft  be  freed  therefrom  by  the  methods 
which  we  fhall  propofe  in  their  proper  place. 

The  way  of  feparating  Mercury  from  Gold  is  founded  on 
the  different  properties  of  thefe  two  metallic  fubftances ;  the 
one  being  exceedingly  fixed,  and  the  other  very  volatile. 
The  union  which  Mercury  contracts  with  the  metals  is  not 
intimate  enough,  to  give  the  new  compound  which  refults 
therefrom  all  the  properties  of  either  of  the  two  united  fub- 
ftances ;  at  leaft  fo  far  as  concerns  their  degrees  of  fixity  and 
volatility.    Hence  it  comes,  that,  in  our  Amalgam,  the  Gold 
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communicates  but  very  little  of  its  fixity  to  the  Mercury,  and 
the  Mercury  communicates  to  the  Gold  but  very  little  of  its 
volatility.  Yet  if  the  Mercury  be  diftilled  off  with  a  much 
greater  degree  of  heat  than  is  necefiary  to  elevate  it,  a  pretty 
considerable  quantity  of  Gold  will  moft  certainly  be  carried 
up  along  with  it. 

It  is  alfo  of  confequence,  on  another  account,  that  the 
fire  be  duly  governed  on  this  occafion.  For  if  too  great  a 
degree  of  heat  be  applied,  and  the  fire  afterwards  lowered, 
the  water  in  the  receiver,  which  covers  the  nofe  of  the  retort, 
will  rife  into  its  body,  break  it  to  pieces,  and  fpoil  the  ope- 
ration. 

The  caufe  of  this  phenomenon  depends  on  the  property 
which  air  pofleffes  of  rarefying  with  heat  and  condenfing 
with  cold,  joined  to  its  weight.  As  foon  as  the  retort  is 
acled  on  by  a  lefs  degree  of  heat  than  acted  on  it  the  inftant 
before,  the  air  contained  therein  is  condenfed,  and  leaves  a 
vacuum^  which  the  external  air,  by  virtue  of  its  weight, 
tends  to  occupy  ;  but,  the  orifice  of  the  retort  being  under  wa- 
ter, the  external  air  can  no  way  gain  admittance,  but  by 
pufhing  in  before  it  the  water  which  intercepts  its  paflage. 
This  caution,  as  we  obferved  above,  muft  be  applied  to  all 
diftillations,  where  the  veffels  are  difpofed  as  they  are  in 
this. 

Care  muft  alfo  be  taken  that  the  nofe  of  the  retort  be  not 
placed  too  deep  under  water :  for  as  the  neck  grows  very 
warm  during  the  operation,  becaufe  the  degree  of  heat  re- 
quired to  raife  Mercury  is  about  three  times  greater  than  that 
which  raifes  water,  it  may  eafily  be  broken  by  the  contact  of 
the  cold  water  in  the  receiver. 

This  method  of  extracting  Gold  and  Silver  from  their  ores, 
by  Amalgamation  with  Mercury,  is  not  to  be  abfolutely  de- 
pended on  as  a  lure  proof  of  the  quantity  of  t,hofe  metals  that 
may  be  contained  in  the  earth  affayed  by  this  means :  for 
fome  fmall  part  of  the  Amalgam  is  always  loft  in  wafhing  it; 
and,  moreover,  the  Mercury,  when  fqueezed  through  cha- 
moy,  always  carries  with  it  a  fmall  portion  of  Gold.  So 
that  if  you  defire  to  know  more  exactly,  by  this  method,"  the 
quantity  of  Gold  or  Silver  contained  in  any  earth,  the  Amal- 
gam muft  not  be  fqueezed  through  chamoy,  but  diftilled  al- 
together. Much  the  fureft  method  of  making  an  accurate 
affay  is  that  by  fufion  and  fcorification,  which  we  fhail  de- 
fcribe  under  the  head  of  Silver. 

In  fome  countries,  and  efpecially  in  America,  .  jthe  method 
of  Amalgamation  is  ufed  for  extracting  Gold  and  Silver  in 

large 
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large  quantities,  from  the  matrices  which  contain  them  in 
their  metalline  form.  Agricola  and  other  metallurgies  have 
defcribed  the  machines  by  means  whereof  fuch  Amalgama* 
tions  are  managed. 


PROCESS    II. 

To  diffblve  Gold  in  Aqua  regis,  and  by  that  means  to  feparate 
it  from  Silver,  Aurum  Fulminans.  Aurum  Fulminans 
reduced. 

TAKE  Gold  that  is  perfectly  pure,  or  alloyed  with  Silver 
only.  Reduce  it  to  little  thin  plates,  by  hammering 
it  on  an  anvil.  If  it  be  not  fufficiently  tough,  neal  it  till  it 
be  red  in  a  moderate,  clear  fire,  quite  free  from  fmoking 
coals,  and  then  let  it  cool  gradually,  which  will  reftore  its 
d  utility. 

When  the  plates  are  thin  enough,  make  them  red  hot 
once  more,  and  cut  them  into  fmall  bits  with  a  pair  of  fheers. 
Put  thefe  bits  into  a  tall,  narrow-mouthed  cucurbit,  and 
pour  on  them  twice  their  weight  of  good  Aqua  regis,  made 
of  one  part  Sal  Ammoniac,  or  Spirit  of  Salt,  and  four  parts 
Spirit  of  Nitre.  Set  the  cucurbit  in  a  fand-bath  moderately 
heated,  flopping  its  orifice  flightly  with  a  paper  coffin,  to 
prevent  any  dirt  from  falling  in.  The  Aqua  regis  will  pre- 
sently begin  to  fmoke.  Round  the  little  bits  of  Gold  will 
be  formed  an  infinite  number  of  fmall  bubbles,  which  will 
rife  to  the  furface  of  the  liquor.  The  Gold  will  totally  dif- 
folve,  if  it  be  pure,  and  the  folution  will  be  of  a  beautiful 
yellow  colour:  if  the  Gold  be  alloyed  with  a  fmall  quantity 
of  Silver,  the  latter  will  remain  at  the  bottom  of  the  vefTel 
in  the  form  of  a  white  powder.  If  the  Gold  be  alloyed  with 
much  Silver,  when  the  Gold  is  difiblved  the  Silver  will  re- 
tain the  form  of  the  little  metalline  plates  put  into  the 
vefTel. 

When  the  difiblution  is  completed,  gently  pour  off  the  li- 
quor into  another  low,  wide- mouthed,  glafs  cucurbit,  taking 
care  that  none  of  the  Silver,  which  lies  at  the  bottom  in  the 
form  of  a  powder,  efcape  with  the  liquor.  On  this  powder 
of  Silver  pour  as  much  frefh  Aqua  regis  as  will  cover  it  en- 
tirely ;  and  repeat  this  till  you  are  fure  that  nothing  more 
can  be  taken  up  by  it.  Laftly,  having  decanted  the  Aqua 
regis  from  the  Silver,  wafh  the  Silver  with  a  little  Spirit  of 
Salt  weakened  with  water,  and. add  this  Spirit  of  Salt  to  the 
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Aqua  regis  in  which  your  Gold  is  diffolved.  Then  to  the 
body  containing  thefe  liquors  fit  a  head  and  a  receiver,  and 
diftil  with  a  gentle  heat,  till  the  matter  contained  in  the  cu- 
curbit become  dry. 

OBSERVATIONS. 

It  is  certain  that  aqua  regis  is  the  true  folvent  of  Gold., 
and  that  it  does  not  touch  Silver :  fo  that  if  the  Gold  diffolv- 
ed in  it  were  alloyed  with  Silver,  which  is  often  the  cafe, 
the  two  metals  would  by  this  means  be  pretty  accurately  fe- 
parared  from  each  other.  But  if  you  defire  to  obtain  from 
this  iblution  a  Gold  abfolutely  pure,  you  mult  free  it,  before 
you  diflblve  it,  from  every  other  metallic  fubftance  but  Sil- 
ver ;  becaufe  aqua  regis  acts  upon  moft  of  the  other  metals 
and  the  femi-metals.  We  (hall  fhew  under  the  head  of  Sil- 
ver, as  we  promifed  before,  how  to  purify  a  mafs  of  Gold 
and  Silver  from  every  other  metallic  alloy.  Thither  alfo  we 
refer  the  common  parting  allay  performed  by  means  of  aqua 
forth :  becaufe  in  that  operation  the  Silver  is  diffolved,  and 
not  the  Gold. 

If  the  Gold  put  to  diflblve  in  aqua  regis  be  pure,  the  dif- 
folution is  eafily  and  readily  effected.  But  if,  on  the  con- 
trary, it  be  alloyed  with  Silver,  the  aqua  regis  finds  more 
difficulty  in  diffolving  it.  Nay,  if  the  Silver  exceed  the 
Gold  in  quantity,  the  diffolution  will  not  take  place  at  all, 
for  the  reafons  adduced  in  our  Theoretical  Elements;  of 
which  we  fhall  f^eak  more  fully  when  we  come  to  treat  of 
the  Parting  Affay. 

In  the  procefs  we  directed  the  Gold  to  be  diffolved  in  a 
tall  body.  This  precaution  is  neceffiry  to  prevent  the  lois  of 
fome  part  thereof:  for  it  is  the  property  of  aqua  regis  to  car- 
ry off  along  with  it  fome  of  the  Gold,  efpecially  when  there 
is  any  Sal  Ammoniac  in  its  'composition,  if  the  veffel  be 
heated  while  the  diffolution  is  going  on,  or  if  the  aqua  regis 
be  very  ftrong.  Yet  it  is  proper  to  make  ufe  of  aqua  regis 
that  is  too  ftrong  rather  than  too  weak :  for  if  it  prove  too 
ftrong,  and  be  obferved  not  to  act  upon  the  metal  for  that 
reafon,  it  is  eafy  to  weaken  it,  by  gradually  adding  fmall 
quantities  of  pure  water,  till  you  perceive  it  begin  to  acx  with 
vigour.  This  is  a  general  rule  regarding  all  metallic  diffo- 
lutions  in  Acids. 

When  the  folution  of  Gold  is  evaporated  to  drynefs,  if 
you  defire  to  reduce  into  a  mafs  the  Gold  dull  left  at  the 
bottom  of  the  cucurbit,  you  muft  put  it  into  a  crucible,  and. 
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cover  it  with  pulverized  borax,  mixed  with  a  little  nitre  and 
calcined  wine-lees;  then  cover  the  crucible  clofe,  heat  it  with 
a  moderate  fire,  which  muftbe  afterwards  increafed  fo  as  to 
melt  the  contents.  At  the  bottom  of  the  crucible  you  will 
find  a  lump  of  Gold,  over  which  the  falts  you  added  will  be 
as  it  were  vitrified.  Thefe  falts  are  added  chiefly  to  promote 
the  fufion  of  the  metal. 

The  Gold  may,  if  you  will,  be  feparated  from  its  folvent 
without  evaporating  the  folution  as  above  directed.  You 
need  only  mix  with  the  folution  a  fixed  or  volatile  Alkali  by 
little  and  little,  till  you  fee  no  more  precipitate  fall,  and  then 
let  the  liquor  ftand  to  fettle,  at  the  bottom  of  which  you  will 
find  a  fediment :  filter  the  whole,  and  dry  what  is  left  on  the 
filter. 

Roth  fixed  and  volatile  Alkalis  pofTefling,  as  hath  been 
frequently  repeated,  a  greater  affinity  with  Acids  than  me^ 
tallic  fubftances  have,  they  precipitate  the  Gold,  and  fepa- 
rate  it  from  the  Acids  in  which  it  is  diffolved :  but  it  is  of 
great  confequence  to  take  notice,  that,  if  you  attempt  to 
melt  this  precipitated  Gold  in  a  crucible,  it  will  fulminate  as 
foon  as  it  feels  the  heat,  with  fuch  a  terrible  explofion,  that, 
if  the  quantity  be  at  all  considerable,  it  may  prove  fatal  to 
the  operator :  even  rubbing  it  a  little  hard  will  make  it  blow- 
up.    This  preparation  is  therefore  called  Aurum  Fulminans. 

Hitherto  no  fatisfa&ory  explanation  hath  been  given  of  this 
phenomenon.  Some  Chymifts  confidering,  that,  in  the  pre- 
cipitation of  the  Gold,  a  Nitre  is  regenerated  by  the  union 
of  the  Alkali  with  the  Nitrous  Acid  which  enters  into  the 
compofition  of  the  aqua  regis,  imagine  that  fome  of  this  re- 
generated Nitre,  combining  with  the  precipitated  Gold,  takes 
fire  and  detonates,  either  by  means  of  fome  fmall  portion  of 
Phlogifton  that  may  be  contained  in  the  Alkali,  or  by  means 
of  that  which  conftitutes  the  Gold  itfelf.  But,  in  the  firft 
place,  it  is  well  known  that  Fixed  Alkalis  do  not  contain 
Phlogifton  enough  to  make  Nitre  detonate.  Indeed,  if  a 
Volatile  Alkali  be  employed  in  the  precipitation,  a  Nitrous 
Ammoniacal  Salt  will  be  formed,  containing  Phlogifton  e- 
nough  to  be  capable  of  detonating  without  the  concourfe  of 
any  additional  Phlogifton  :  but  this  detonation  of  the  Nitrous 
Ammoniacal  Salt  is  not  to  be  compared,  as  to  the  violence 
of  its  eft-eels,  with  the  fulmination  of  Gold.  Eefides,  we  do 
not  find  that  Gold  precipitated  by  a  Volatile  Alkali  explodes 
with  greater  force  than  that  precipitated  by  a  Fixed  Alkali. 
As  ior  the  Gold,  it  is  certain  that  it  iuffers  no  decomposition 
at  all  by  fulminating.     When  fulminated  under  a  glafs  bell, 
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in  fuch  fmall  quantities  as  not  to  endanger  the  operator,  the 
Gold  is  found  fcattered  about  under  the  bell  in  very  fine  par- 
ticles, without  having  undergone  any  alteration. 

Others  have  fancied  this  fulmination  of  the  Gold  to  be 
nothing  but  the  decrepitation  of  the  Sea-falt  that  is  regene- 
rated, in  the  precipitation  of  the  metal,  by  the  Fixed  Alkali 
uniting  with  the  Acid  of  Sea-falt  which  makes  part  of  the 
aqua  regis.  But  to  this  it  may  be  faid,  that  Gold  precipi- 
tated by  a  Volatile  Alkali  fulminates  as  violently  as  that 
precipitated  by  a  Fixed  Alkali ;  and  yet  no  fea-falt  can  be 
formed  in  the  liquor  by  the  addition  of  a  Volatile  Alkali, 
but  only  a  Sal  Ammoniac  which  has  not  the  property  of  de- 
crepitating. Moreover,  there  is  no  comparifon,  as  to  the  ef- 
fects, between  the  decrepitation  of  Sea-falt  and  the  fulmi- 
nation of  Gold. 

Nor,  laftly,  can  this  fulmination  be  attributed,  as  it  is  by 
fome,  to  the  effort  made  by  the  Salts  to  efcape  from  amidit 
the  particles  of  Gold,  in  which  they  are  fuppofed  by  them 
to  be  imprifoned  :  for  then  we  might  deprive  this  Gold  en- 
tirely of  its  fulminating  quality  by  only  boiling  it  in  water, 
and  fo  warning  off  all  the  faline  particles,  which  probably  ad- 
here to  its  furface  only.  It  is  plain  there  is  great  room  for 
very  beautiful  difcoveries  on  this  fubje£r..  In  Walerius's  Mi- 
neralogy we  find  fome  obfervations  that  may  throw  a  little 
light  on  the  point  before  us. 

"  The  quantity,"  fays  he,  «  of  fulminating  Gold  preci- 
"  pitated  exceeds  that  of  the  Gold  diffolved  :  if  the  aqua  re- 
li  gis  be  *made  with  Sal  Ammoniac  the  explofion  will  be 
"  ftronger;  it  will  alfo  be  more  violent  if  the  folution  be 
"  precipitated  with  a  Volatile  Alkali,  than  if  a  Fixed  Alkali 
"  be  ufed  for  that  purpofe  " 

One  of  the  fpeedieft  and  eafieft  methods  to  deprive  this 
Gold  of  its  fulminating  quality,  is  to  grind  in  a  mortar  twice 
as  much  flowers  of  Sulphur  as  you  have  Gold  to  reduce, 
mixing  your  fulminating  Gold  therewith  by  little  and  little, 
as  you  grind  them  together;  then  to  put  the  mixture  into  a 
crucible,  and  heat  it  juft  enough  to  melt  the  Sulphur.  Part 
of  the  Sulphur  will  be  dillipated  in  vapours,  and  the  reft 
will  burn  away.  When  it  is  quite  confumed,  increafe  the 
fire  fo  as  to  make  the  crucible  red-hot.  "When  you  perceive 
no  more  fmell  of  Sulphur,  pour  on  the  Gold  a  little  Borax, 
previouily  melted  in  another  crucible  with  a  Fixed  Alkali,  as 
calcined  Wine-lees,  or  Nitre  fixed  with  Tartar;  and  then 
raife  the  fire  fufficiently  to  make  the  whole  flow.     After  the 
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fufion  is  completed,  you  will  find  a  button  of  Gold  at  the 
bottom  of  the  crucible  under  the  Salts. 

Fulminating  Gold  may  alfo  be  reduced  by  pouring  on  it  a 
fufficient  quantity  of  Fixed  Alkali  reduced  to  a  liquor,  or  of 
oil  of  Vitriol,  evaporating  all  the  moifture,  and  gradually 
throwing  what  remains,  mixed  up  with  fome  pinguinous  mat- 
ter, into  a  crucible  kept  red-hot  in  a  furnace.  The  reafon 
why  thefe  fubftances  deprive  the  Gold  of  its  fulminating  qua- 
lity, depends  on  the  caufes  that  produce  the  fulmination. 

Gold  may  alfo  be  feparated  from  aqua  regis,  and  precipi- 
tated by  the  means  of  feveral  metallic  fubftances  that  have  a 
greater  affinity,  either  with  aqua  regis,  or  with  one  of  the 
two  Acids  that  compofe  it.  Mercury  is  one  of  the  fitteft  for 
this  purpofe.  On  dropping  a  folution  of  Mercury  in  the 
Nitrous  Acid  by  little  and  little  into  a  folution  of  Gold,  the 
mixture  becomes  turbid,  and  a  precipitate  is  formed.  Con- 
tinue dropping  in  more  of  the  folution  of  Mercury  till  no 
more  precipitate  falls ;  then  let  the  liquor  ftand  to  fettle,  and 
at  the  bottom  of  it  you  will  find  a  fediment,  which  is  the 
precipitated  Gold :  pour  off  the  liquor  by  inclination,  and 
wafh  the  precipitate  with  fair  water. 

Mercury  hath  a  greater  affinity  with  the  Marine  than  with 
the  Nitrous  Acid.  The  affinity  which  Mercury  hath  with 
the  Marine  Acid  is  alfo  greater  than  that  of  Gold  with  the 
Marine  Acid  •,  for  unlefs  this  Acid  be  aflbciated  either  with 
the  Nitrous  Acid,  or  at  lead  with  a  certain  proportion  of 
Phlogifton,  it  will  not  diflblve  Gold.  Hence  it  comes,  that 
when  a  folution  of  Mercury  in  the  Nitrous  Acid  is  dropped 
into  a  folution  of  Gold  in  aqua  regis,  the  Mercury  unites 
with  the  Acid  of  Sea-falt,  which  is  an  ingredient  in  the 
aqua  regis  :  but  the  Marine  Acid  cannot  on  this  occafiou 
join  the  Mercury,  without  deferting  the  Gold  and  the  Ni- 
trous Acid  with  which  it  was  united ;  and  then  the  Gold, 
which  cannot  be  kept  in  folution  by  the  Nitrous  Acid  alone, 
is  forced  to  quit  its  folvent  and  precipitate.  The  liquor, 
therefore,  that  now  floats  over  the  Gold  thus  precipitated, 
muff,  contain  Mercury  united  with  the  Acid  of  Sea-falt :  and 
in  facl:  it  yields  a  true  Corrofive  Sublimate,  which  is  known 
to  be  a  combination  of  Mercury  with  the  Marine  Acid. 

Mercury  diflblved  in  Spirit  of  Nitre  is  employed  to  procure 
the  precipitation  we  are  fpeaking  of;  becaufe  metallic  fub- 
ftances, when  lb  comminuted  by  an  Acid,  are  much  fitter  for 
fuch  experiments  than  when  they  are  in  a  concrete  form. 

Gold  precipitated  in  this  manner  by  a  metallic  fubftancc 
doth  not  fulminate. 

PROCESS 
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PROCESS     III. 

To  dijfolve  Gold  by  Liver  of  Sulphur. 

MIX  together  equal  parts  of  common  Brimftone,  and  a 
very  ftrong  Fixed  Alkali;  for  inftance,  Nitre  fixed  by 
Charcoal.  Put  them  in  a  crucible,  and  melt  the  mixture, 
ftirring  it  from  time  to  time  with  a  fmall  rod.  There  is  no 
occafion  to  make  the  fire  very  brifk  •,  becaufe  the  Sulphur  fa^ 
cilitates  the  fufion  of  the  Fixed  Alkali.  Some  fulphureous 
vapours  will  rife  from  the  crucible ;  the  two  fubftances  will 
mix  intimately  together,  and  form  a  reddifh  compound. 
Then  throw  into  the  crucible  fome  little  pieces  of  Gold  beat 
into  thin  plates,  fo  that  the  whole  do  not  exceed  in  weight 
©ne  third  part  of  the  Liver  of  Sulphur :  raife  the  fire  a  little* 
As  foon  as  the  Liver  of  Sulphur  is  perfectly  melted,  it  will 
begin  to  diflblve  the  Gold  with  ebullition  ;  and  will  even  e- 
mit  fome  flafhes  of  fire.  In  the  fpace  of  a  few  minutes  the 
Gold  will  be  entirely  difiblved,  efpecially  if  it  was  cut  and. 
flatted  into  fmall  thin  leaves. 

OBSERVATIONS. 

The  procefs  here  delivered  is  taken  from  M.  Stahl.  The* 
defign  of  that  ingenious  ChymifVs  inquiry  was  to  difcover 
how  Mofes  could  burn  the  golden  calf,  which  the  Ifraelites 
had  fet  up  and  worfhipped  while  he  was  on  the  mount;  how 
he  could  afterwards  reduce  that  calf  to  powder,  throw  it  into 
the  water  which  the  people  ufed,  and  make  all  who  had 
apoftatized  drink  thereof,  as  related  in  the  Book  of  Exodus. 

M.  Stahl,  having  firft  obferved  that  Gold  is  abfolutely  un- 
alterable and  indeftru&ible  by  the  force  of  fire  alone,  be  it 
ever  fo  violent,  concludes,  that  without  a  miracle  Mofes 
could  not  pofiibly  perform  the  above-mentioned  operations 
on  the  golden  calf  any  way  but  by  mixing  with  the  Gold 
fome  matter  qualified  to  alter  and  diflblve  it.  He  then  takes 
notice,  that  pure  Sulphur  does  not  acl:  upon  Gold  at  all,  and 
that  many  other  fubftances,  which  are  thought  capable  of  di- 
viding and  difTolving  it,  cannot  however  do  it  fo  completely 
as  is  neceflary  to  render  that  metal  fufceptible  of  the  efreds 
related.  He  then  gives  the  method  of  diflblving  it  by  Liver 
of  Sulphur,  defcribed  in  the  procefs. 

Liver 
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Liver  of  Sulphur  diflblves  likewife  all  the  other  metals : 
but  M.  Stahl  obferves,  that  it  attenuates  Gold  more  than  any 
other  metallic  fubftance,  and  unites  with  it  much  more  in- 
timately than  with  the  reft.  This  appears  from  what  hap- 
pens, on  attempting  to  diflblve  in  water  any  of  the  mixts  re- 
fulting  from  the  union  of  another  metal  with  the  Liver  of 
Sulphur :  for  then  the  metal  feparates,  and  appears  in  the 
form  of  a  powder  or  fine  calx ;  whereas,  when  Gold  is  unit- 
ed with  Liver  of  Sulphur,  the  whole  compound  diflblves  in 
water  fo  perfectly,  that  the  Gold  even  pafles  with  the  Liver 
of  Sulphur  through  the  pores  of  filtering  paper. 

If  an  Acid  be  poured  into  a  folution  of  this  combination 
of  Gold  with  Liver  of  Sulphur,  the, Acid  unites  with  the 
Alkali  of  the  Hepar,  and  the  Gold  falls  to  the  bottom  of 
the  liquor  along  with  the  Sulphur,  which  doth  not  quit  it. 
The  Sulphur  thus  precipitated  with  the  Gold  is  eafily  carried 
off  by  a  flight  torrefa&ion,  after  which  the  Gold  remains  ex- 
ceedingly comminuted.  The  Sulphur  of  this  compound  may 
alfo  be  deftroyed  by  tor  refaction,  without  the  trouble  of  a 
previous  folution  and  precipitation,  and  then  alfo  the  Gold 
remains  fo  attenuated  as  to  be  mifcible  with  liquors,  and 
floats  on  them,  or  fwims  in  them,  in  fuch  a  manner  that  it 
may  eafily  be  fwallowed  with  them  in  drinking.  From  all 
this  M.  Stahl  concludes  there  is  great  reafon  to  believe  it  was 
by  means  of  the  Liver  of  Sulphur  that  Mofes  divided,  and 
in  a  manner  calcined,  the  golden  calf,  fo  that  he  could  min- 
gle it  with  water,  and  make  the  Ifraelites  drink  it. 


PROCESS    IV. 

To  feparate  Gold  from  all  other  metallic  Subfiances  by  means 
of  Antimony. 

HAVING  put  the  Gold  you  intend  to  purify  into  a  cru- 
cible, fet  it  in  a  melting  furnace,  cover  it,  and  make 
the  Gold  flow.  When  the  metal  is  in  fufion  caft  upon  it, 
by  a  little  at  a  time,  twice  its  weight  of  pure  crude  Anti- 
mony in  powder,  and  after  each  projection  cover  the  cruci- 
ble again  immediately  :  this  done  keep  the  matter  in  fufion 
for  a  few  minutes.  When  you  perceive  that  the  metallic 
mixture  is  perfectly  melted,  and  that  its  furface  begins  to 
fparkle,  pour  it  out  into  a  hollow  iron  cone,  previoufly  heat- 
ed, and  fmeared  on  the  infide  with  tallow.  Immediately 
ftrike  with  a  hammer  the  floor  on  which  the  cone  ftands ; 
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and  when  all  is  cold,  or  at  leaft  fufficicntly  fixed,  invert  the 
cone  and  ftrike  it:  the  whole  metallic  mafs  will  fall  out,  and 
the  under  part  thereof,  which  was  at  the  point  of  the  cone, 
will  be  a  Regulus  more  or  lefs  yellow  as  the  Gold  was  more 
or  lefs  pure.  On  ftriking  the  metallic  mafs  the  R.egulus  will 
freely  part  from  the  fulphureous  crufl  at  top. 

Return  this  Regulus  into  the  crucible,  and  melt  it.  Lefs 
fire  will  do  now  than  was  required  before.  Add  the  fame 
quantity  of  Antimony,  and  proceed  as  at  firft.  Repeat 
the  fame  operation  a  third  time,  if  your  Gold  be  very  im- 
pure. 

Then  put  your  Regulus  into  a  good  crucible,  much  larger 
than  is  neceflary  to  hold  it.  Set  your  crucible  in  a  melting 
furnace,  and  heat  the  matter  but  juft  enough  to  make  it 
flow,  with  a  fmooth,  brilliant  furface.  When  you  find  it 
thus  conditioned,  point  towards  it  the  nofe  of  a  long-fnout- 
ed  pair  of  bellows,  and  therewith  keep  gently  and  conftant- 
]y  blowing.  There  will  arife  from  the  crucible  a  considera- 
ble fmoke,  which  will  abate  greatly  when  you  ceafe  to  blow, 
and  increafe  as  foon  as  you  begin  again.  You  muft  raife  the 
fire  gradually  as  you  approach  towards  the  end  of  the  opera- 
tion. If  the  furface  of  the  metal  lofe  its  brilliant  polifh, 
and  feem  covered  with  a  hard  cruft,  it  is  a  fign  the  fire  is 
too  weak;  in  which  cafe  it  muft  be  increafed,  till  the  furface 
recover  its  mining  appearance.  At  laft,  when  no  more 
fmoke  rifes,  and  the  furface  of  the  Gold  looks  neat  and 
greenifti,  caft  on  it,  by  little  and  little,  fome  pulverized  Ni- 
tre, or  a  mixture  of  Nitre  and  Borax.  The  matter  will 
fvvell  up.  Continue  thus  adding  more  Nitre  gradually,  til! 
no  commotion  is  thereby  produced  in  the  crucible;  and  then 
let  the  whole  cool.  If  you  find,  when  the  Gold  is  cold,  that 
it  is  not  tough  enough,  melt  it  over  again;  Avhen  it  begins 
to  melt,  caft  in  the  fame  Salts  as  before ;  and  repeat  this  till 
it  be  perfectly  ductile. 

OBSERVATIONS. 

Antimony  is  a  compound,  confiding  of  a  femi-metal- 
lic  part  united  with  about  a  fourth  part  of  its  weight  of  com- 
mon Sulphur.  It  appears,  in  the  ninth  column  of  the  Ta- 
ble of  Affinities,  that  ail  the  metals,  Mercury  and  Gold  ex- 
cepted, have  a  greater  affinity  than  the  reguline  part  of  An- 
timony with  Sulphur.  If  therefore  Gold,  adulterated  with 
a  mixture  of  Copper,  Silver,  or  any  other  metal,  be  melted 
with  Antimony,  ihofe  metals  will  unite  with  the  Sulphur  of 

the 
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the  Antimony,  and  feparate  it  from  the  reguline  part,  which 
being  thus  fet  free  will  combine  and  be  blended  with  the 
Gold.  Thefe  two  metallic  fubftances,  forming  a  mafs  far 
heavier  than  the  other  metals  mixed  with  the  fulphur,  fall 
together  to  the  bottom  of  the  crucible  in  the  form  of  a  Re- 
gulus,  while  the  others  float  over  them  like  a  fort  of  fcoria. 
or  flag :  and  thus  the  Gold  is  freed  from  all  alloy  but  the  re- 
guline part  of  the  Antimony. 

As  all  the  other  metals  have  a  great  affinity  with  Sulphur, 
and  Gold  is  the  only  one  that  is  capable  of  refitting  its  adtion, 
one  would  think  Sulphur  alone  might  be  fufHcient  to  free  it 
from  the  metals  combined  with  it,  and  that  it  would  there- 
fore be  better  to  employ  pure  Sulphur,  in  this  operation, 
than  to  make  ufe  of  Antimony;  the  reguline  part  of  which 
remaining  united  with  the  Gold  requires  another  long  and 
laborious  operation  to  get  rid  of  it. 

Indeed,  ftrictly  fpeaking,  Sulphur  alone  would  be  fuffici- 
ent  to  produce  the  defired  feparation:  but  it  is  proper  to  ob- 
ferve,  that,  as  Sulphur  alone  is  very  combuftible,  moil  of  it 
would  be  confumed  in  the  operation  before  it  could  have  an 
opportunity  to  unite  with  the  metallic  fubftances;  where- 
as, when  it  is  combined  with  the  Regulus  of  Antimony,  it 
is  thereby  enabled  to  bear  the  adtion  of  the  fire  much  longer 
without  burning,  and  confequently  is  much  fitter  for  the 
purpofe  in  queition.  Befides,  if  we  were  to  make  ufe  of 
pure  Sulphur,  a  great  part  of  the  Gold,  which  is  kept  in 
perfect  fufion,  and  its  precipitation  facilitated,  by  the  Regu- 
lus of  Antimony,  would  remain  confounded  with  the  Sul- 
phureous fcoria. 

Neverthelefs,  feeing  the  metals  with  which  Gold  is  alloy- 
ed cannot  be  feparated  from  it  by  Antimony,  but  that  a  quan- 
tity of  Regulus  proportioned  to  the  quantity  of  the  metals 
fo  feparated  will  unite  with  the  Gold,  and  that  the  more 
Regulus  combines  with  the  Gold,  the  more  tedious,  charge- 
able, and  laborious  will  the  operation  prove,  this  confidera- 
tion  ought  to  have  fome  influence  in  directing  our  procefs. 
Therefore,  if  the  Gold  be  very  impure,  and  worfe  than  fix- 
teen  carats,  we  muft  not  mix  it  with  crude  Antimony  alone, 
but  add  two  drams  of  pure  Sulphur  for  every  carat  the  Gold 
wants  of  fixteen,  and  lefTen  the  quantity  of  Antimony  in 
proportion  to  that  of  the  real  Gold. 

It  is  necefiary  to  keep  the  crucible  clofe  covered,  after 

mixing  the  Antimony  with   the  Gold,  to  prevent  any  coals 

from  falling  into  it:  for,  if  that  fhould  happen,  the  melted 
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mafs  would  puff  up  confiderably,    and  might  perhaps  run 
over. 

The  infide  of  the  cone,  into  which  you  pour  the  melted 
metallic  mafs,  muft  be  greafed  with  tallow,  to  prevent  its 
flicking  thereto,  and  that  it  may  come  eafily  out.  Striking 
the  iloor,  on  which  the  cone  with  the  melted  metal  ftands, 
helps  the  precipitation  and  defcent  of  the  R.egulus  of  Gold 
and  Antimony  to  the  bottom  of  the  cone. 

Lefs  fire  is  requifite  to  melt  this  compound  Regulus,  in 
order  to  add  frefh  Antimony,  than  was  neceffary  before  the 
Gold  was  mixed  with  the  reguline  part  of  the  Antimony; 
becaufe  this  metallic  fubftance,  being  much  more  fufible 
than  Gold,  promotes  its  melting.  The  Antimony  is  mixed 
with  the  Gold  by  repeated  projections,  that  the  feparation  of 
the  metals  may  be  accomplifhed  with  the  greater  eafe  and 
accuracy.  Yet  the  operation  might  be  fuccefsfully  perform- 
ed, by  putting  in  all  the  Antimony  at  once,  and  with  one 
melting  only. 

The  metalline  mafs  found  at  the  bottom  of  the  cone  after 
all  thefe  operations,  is  a  mixture  of  Gold  with  the  reguline 
part  of  the  Antimony.  All  the  reft  of  the  procefs  confifts 
only  in  feparating  this  reguline  part  from  the  Gold.  As  Gold 
is  the  moil  fixed  of  all  metals,  and  as  the  Regulus  of  Anti- 
mony cannot  bear  the  violence  of  fire  without  flying  off  in 
vapours,  nothing  more  is  neceffary  for  this  purpofe  but  to 
expofe  the  compound,  as  directed  in  the  procefs,  to  a  heat 
ftrong  enough  and  long  enough  continued,  to  diflipate  all 
the  Regulus  of  Antimony.  This  femi-metal  exhales  in  the 
form  of  a  very  thick  white  fmoke.  It  is  proper  to  blow 
gently  into  the  crucible  during  the  whole  operation  ;  becaufe 
the  immediate  contact  of  the  frefh  air  inceffantly  thrown 
in  promotes  and  confiderably  increafes  the  evaporation  :  and 
this  is  a  general  rule  applicable  to  all  evaporations. 

The  fire  muft  be  gradually  raifed  as  the  Pvegulus  of  Anti- 
mony is  diflipated,  and  the  operation  draws  towards  an  end  ; 
becaufe  the  mixed  mafs  of  Regulus  of  Antimony  and  Gold 
becomes  fo  much  the  lefs  fuiible  as  the  proportion  of  the  Re- 
gulus is  leffened.  Though,  the  Regulus  of  Antimony  be  fe- 
parated  from  the  Gold  in  this  operation,  becaufe  the  latter  is 
of  fuch  a  fixed  nature  that  it  cannot  be  volatilized  by  the 
degree  of  fire  which  diffipates  the  Regulus;  yet,  as  the 
Regulus  is  very  volatile,  it  will  undoubtedly  carry  up  fome 
of  the  Gold  along  with  it,  efpecially  if  you  hurry  on  the 
evaporation  too  faft,  by  applying  too  great  a  degree  of  fire, 
by  blowing  too  brifkly  into  the  crucible,    and  flill  more  if 

you 
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you  evaporate  your  mixture  in  a  broad  flat  vefTel  inftead  of  a 
crucible.  All  thefe  things  mull  therefore  be  avoided,  if  you 
would  lofe  no  more  Gold  than  you  needs  muft. 

However,  unlefs  the  evaporation  be  carried  to  the  utmoft, 
by  the  means  above  pointed  out,  a  fmall  portion  of  the  Re- 
gulus  of  Antirnony  will  always  remain  combined  Avith  the 
Gold,  which  defends  it  from  the  action  of  the  fire.  This 
fmall  portion  of  Regulus  hinders  the  Gold  from  being  per- 
fectly pure  and  ductile.  In  order  therefore  to  confume  and 
fcorify  it,  we  caft  Nitre  into  the  crucible  when  we  perceive 
it  to  emit  no  more  white  vapours. 

We  know  that  Nitre  has  the  property  of  reducing  all  me- 
tallic fubftances  to  a  calx,  Gold  and  Silver  excepted ;  becaufe 
it  deflagrates  with  the  phlogifton  to  which  their  metalline 
form  is  owing :  but  as  this  accenfion  of  the  Nitre  occafions 
a  tumid  effervefcence,  care  muft  be  taken  to  throw  it  in  but 
by  little  and  little  at  a  time  ;  for  if  too  much  be  projected  at 
once  the  melted  matter  will  run  over. 

This  operation  might  be  confiderably  abridged  by  taking 
advantage  of  the  property  which  Nitre  pofTeiTes  of  thus  con- 
fuming  the  phlogifton  of  metallic  fubftances  ;  as  by  means 
thereof  we  might  deftroy  all  the  Regulus  of  Antimony  in- 
corporated with  the  Gold,  without  having  recourfe  to  a  long 
and  tedious  evaporation.  But  then  we  fhould  at  the  fame 
time  lofe  a  much  greater  quantity  of  Gold,  by  reafon  of  the 
tumult  and  ebullition  which  are  infeparable  from  the  detona- 
tion of  Nitre.  On  the  whole,  therefore,  if  Nitre  be  made 
ufe  of  to  purify  Gold,  great  care  muft  be  taken  to  apply  but 
very  little  of  it  at  a  time. 

All  the  Silver  that  was  mixed  with  the  Gold,  and  indeed 
a  little  of  the  Gold  itfelf,  remains  confounded  with  the  fui-, 
phureous  fcoria,  which  floats  upon  the  Golden  Regulus  after 
the  addition  of  the  Antimony:  we  fhall  fhew  in  the  Chap- 
ter on  Silver  how  thefe  two  metals  are  to  be  feparated  from 
the  Sulphur. 
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CHAP.        II. 

Of    Silver. 


PROCESS     I. 

To  feparate  Silver  from  its  Ore,  by  means  of  Scarification 
with  Lead. 

BEAT  to  powder  in  an  iron  mortar  the  ore  from  which 
you  mean  to  feparate  the  Silver,  having  firft  roafted  it 
well  in  order  to  free  it  from  all  the  Sulphur  and  Arfenic  that 
it  may  contain.  Weigh  it  exactly :  then  weigh  out  by  itfelf 
eight  times  as  much  granulated  Lead.  Put  one  half  of  this 
Lead  into  a  teft,  ?nd  fpread  it  equally  thereon :  upon  this 
Lead  lay  your  ore,  and  cover  it  quite  over  with  the  remain- 
ing half  of  the  Lead. 

Place  the  teft  thus  loaded  under  the  further  end  of  the 
muffle  in  a  cupelling  furnace.  Light  your  fire,  and  increafe 
it  by  degrees.  If  you  look  through  one  of  the  apertures  in 
the  door  of  the  furnace  you  will  perceive  the  ore,  covered 
with  calcined  Lead,  fwim  upon  the  melted  Lead.  Prefent- 
ly  afterwards  it  will  grow  foft,  melt,  and  be  thrown  towards 
the  fides  of  the  vefiel,  the  furface  of  the  Lead  appearing  in 
the  midfl  thereof  bright  and  fhining  like  a  luminous  difc: 
the  Lead  will  then  begin  to  boil,  and  emit  fumes.  As  foon 
as  this  happens,  the  fire  muft  be  a  little  checked,  fo  that  the 
ebullition  of  the  Lead  may  almoft  entirely  ceafe,  for  about 
a  quarter  of  an  hour.  After  this  it  muft  be  excited  to  the 
degree  it  was  at  before,  fo  that  the  Lead  may  begin  again  to 
boil  and  fmoke.  Its  fhining  furface  will  gradually  leflen,  and 
be  covered  with  fcoria.  Stir  the  whole  with  an  iron  hook, 
and  draw  in  towards  the  middle  what  you  obferve  towards 
the  fides  of  the  vefiel;  to  the  end  that,  if  any  part  of  the  ore 
fhould  ftill  remain  undiflblved  by  the  Lead,  it  may  be  mix- 
ed therewith. 

When  you  perceive  that  the  matter  is  in  perfect  fufion, 
that  the  greateft  part  of  what  flicks  to  the  iron  hcok,  when 
you  dip  it  in  the  melted  matter,  feparatcs  from  it  again,  and 
drops  back  into  the  vefiel ;  and  that  the  extremity  of  this  in- 

ftrument, 
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flrument,  when  grown  cold,  appears  varnifhed  over  with  a 
thin,  fmooth,  fhining  cruft ;  you  may  look  on  thefe  as 
marks  that  the  bufinefs  is  done,  and  the  more  uniform  and 
evenly  the  colour  of  the  cruft  is,  the  more  perfect  may  you 
judge  the  fcorification  to  be. 

Matters  being  brought  to  this  pafs,  take  the  teft  with  a 
pair  of  tongs  from  under  the  muffle,  and  pour  its  whole  con- 
tents into  an  iron  cone,  firft  heated  and  greafed  with  tallow. 
This  whole  operation  lafts  about  three  quarters  of  an  hour. 
"When  all  is  cold,  the  blow  of  a  hammer  will  part  the  Re-, 
gulus  from  the  fcoria;  and  as  it  is  not  pofiible,  how  perfect 
foever  the  fcorification  be,  to  avoid  leaving  a  little  Lead  con- 
taining Silver  in  the  fcoria,  it  is  proper  to  pulverize  this  fco- 
ria,  and  feparate  therefrom  whatever  extends  under  the  ham- 
mer, in  order  to  add  it  to  the  Regulus. 

OBSERVATIONS. 

Silvfr,  as  well  as  Gold,  is  often  found  quite  pure,  and 
under  its  metalline  form,  in  the  bowels  of  the  earth  ;  and  ia 
that  cafe  it  may  be  feparated  from  the  ftones  or  fan d  in  which 
it  is  lodged  by  fimple  warning,  or  by  Amalgamation  with  Mer- 
cury, in  the  fame  manner  as  before  directed  for  Gold.  But 
k  alfo  happens  frequently,  that  Silver  is  combined  in  the  ore 
with  other  metallic  fubftances  and  minerals,  which  will  not 
admit  of  this  procefs,  but  force  us  to  employ  other  methods 
of  feparating  it  from  them. 

Sulphur  and  Arfenic  are  the  fubftances  to  which  Silver 
and  the  other  metals  ufually  owe  their  mineral  ftate.  Thefe 
two  matters  are  never  very  clofely  united  with  Silver ;  but 
may  be  pretty  eafily  feparated  from  it  by  the  action  of  fire, 
and  the  addition  of  Lead.  If  Arfenic  be  predominant  in  a 
Silver  ore,  it  will  unite  with  the  Lead  by  the  help  of  a  pret- 
ty moderate  heat,  and  quickly  convert  a  confiderable  quanti- 
ty thereof  into  a  penetrating  fuuble  glafs,  which  has  the  pro- 
perty of  fcorifying  with  eafe  all  fubftances  that  are  capable 
of  fcorification. 

When  Sulphur  predominates,  the  fcorification  proceeds 
more  flowly,  and  doth  not  always  fucceed ;  becaufe  that  mi- 
neral combined  with  Lead  lefTens  its  fufibility,  and  retards 
its  vitrification.  In  this  cafe,  part  of  the  Sulphur  muft  be 
dilfipated  by  roafting :  the  other  part  unites  with  the  Lead; 
and  that,  being  rendered  lighter  by  this  union,  floats  on  the 
reft. of  the  mixture,  which  chiefly  contains  the  Silver.  At 
laft,  the  joint  action  of  the  air  and  of  the  fire  difljpar.es  the 

portion 
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portion  of  Sulphur  that  had  united  with  the  Lead:  the  Lead 
vitrifies  and  reduces  to  a  fcoria  whatever  is  not  either  Silver 
or  Gold  :  and  thus  the  Silver  being  difentangled  from  the 
heterogeneous  matters  with  which  it  was  united,  one  part 
thereof  being  diflipated  and  the  other  vitrified,  combines 
with  the  portion  of  Lead  which  is  not  vitrified,  and  falte 
through  the  fcoria,  which,  to  favour  its  defcent,  muft  be  in 
pevfb&  fufion. 

The  whole  procefs,  therefore,  confifts  of  three  diftincl:  ope- 
rations. The  firft  is  Roafting,  which  diffipates  fome  of  the 
volatile  fubftances  found  united  with  the  Silver  :  the  fecond 
is  Scorification,  or  the  Vitrification  of  the  fixed  matters  alfo 
united  with  the  Silver,  fuch  as  fand,  ftones,  metals,  6v. 
and  the  third  is  precipitation,  or  the  feparation  of  the  Silver 
from  the  fcoria.  The  two  firft  are,  as  hath  been  fhewn,  pre- 
paratives for  the  laft,  and  indeed  produce  it. 

As  every  thing  we  faid  concerning  Gold,  when  we  treated 
of  the  procefs  of  Amalgamation,  is  to  be  applied  to  Silver, 
which  may  be  extracted  by  the  fame  method  when  it  is  in 
its  metalline  form;  in  the  fame  manner,  all  we  now  advance 
touching  the  method  of  extracting  Silver  by  Scorification, 
when  it  is  depraved  with  a  mixture  of  heterogenous  matters, 
is  equally  applicable  to  Gold  in  the  fame  circumftances : 
and  indeed  Silver  almoft  always  contains  more  or  lefs  Gold 
naturally. 

In  the  procefs  we  directed,  that  the  ore  fhould  be  pulve- 
rized before  it  be  expofed  to  tbe  fire,  with  a  view  to  enlarge 
its  furface,  and  by  that  means  facilitate  the  action  of  the 
Lead  upon  it,  as  well  as  the  evaporation  of  its  volatile  parts* 

We  recommended  the  precaution  of  flackening  the  fire  a 
little  at  the  beginning  of  the  operation,  only  to  prevent  the 
Lead  from  being  too  haftily  converted  into  litharge,  left  it 
fhould  penetrate  and  corrode  the  teft  before  it  had  wholly 
difTolved  the  ore :  but  if  we  were  perfectly  certain  of  the 
vefTel's  being  fo  good  as  to  be  in  no  danger  of  penetration  by 
the  Lead,  this  precaution  would  be  neediefs. 

It  is  proper  to  add  eight  parts  of  Lead  for  one  of  ore  ; 
though  fo  much  is  not  always  abfoiutely  necefiary,  efpecially 
when  the  ore  is  very  fufible.  The  fuccefs  of  this  operation 
depends  chiefly  on  the  completenefs  of  the  Scorification ;  and 
therefore  the  addition  of  more  Lead  than  enough  is  attended 
with  no  inconvenience :  for,  as  it  always  promotes  the  Sco* 
rification,  it  can  never  do  any  harm,. 

If  the  ore  be  mixed  with  fuch  earthy  and  ftony  parts  as 
cannot  be  feparated  from  it  by  waffling,  it  is  the  more  diffi- 
cult 
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cult  of  fufion,  even  though  the  ftones  fhould  be  fuch  as  are 
moft  difpofed  to  vitrify ;  becaufe  the  moft  fufible  earths  and 
ftones  are  always  lefs  fo  than  moft  metallic  fubflances.  In 
that  cafe  it  will  be  neceflary,  for  effecting  the  Scorification, 
to  mix  thoroughly  with  the  pulverized  ore  an  equal  quantity 
of  Glafs  of  Lead,  to  add  twelve  times  as  much  granulated 
Lead,  and  then  to  proceed  as  directed  for  a  fufible  ore ;  ex- 
pofing  the  mixture  to  a  degree  of  fire  ftrong  enough,  and 
long  enough  kept  up,  to  give  the  fcoria  all  the  properties  a- 
bove  required  as  figns  of  a  perfect  fcorification. 

Silver  ore  is  fometimes  mixed  with  Pyrites,  and  the  ore  of 
Arfenic,  or  Cobalt,  which  alfo  make  it  refractory.  As  the 
Pyrites  contain  a  large  quantity  of  Sulphur,  which  is  very 
volatile  as  well  as  Arfenic;  in  this  cafe  it  is  proper  to  begin 
with  freeing  the  ore  from  thefe  two  extraneous  fubflances* 
This,  is  eafily  done  by  roafting  :  only  be  fure,  when  you  firft 
expofe  the  ore  to  the  heat,  to  cover  the  vefTel  in  which  you 
roaft  it,  for  fome  minutes,  with  an  inverted  vefTel  of  the  fame 
width  ;  becaufe  fuch  forts  of  ore  are  very  apt  to  fly  when  they 
firft  feel  the  heat. 

After  this  uncover  it,  and  leave  it  expofed  to  the  fire  till 
no  more  fulphureous  or  arfenical  matters  rife.  Then  mix  it 
with  the  fame  quantity  of  Glafs  of  Lead  as  we  ordered  for 
ores  rendered  refractory  by  the  admixture  of  earths  or  ftones, 
and  proceed  in  the  fame  manner. 

It  is- the  more  neceffary  to  roaft  Silver  ore  infected  with 
Sulphur  and  Arfenic,  becaufe,  as  Sulphur  obftructs  the  fu* 
fion  of  Lead,  it  cannot  but  do  hurt,  and  protract  the  opera- 
tion ;  and  Arfenic  does  mifchief,  on  the  other  hand,  by  fco- 
rifying  a  very  great  quantity  of  Lead  too  haftily. 

When  the  Sulphur  and  Arfenic  are  diflipated  by  roafting, 
the  ore  muft  be  treated  like  that  which  is  rendered  refractory 
by  ftony  and  earthy  matters ;  for  as  the  pyrites  contain  much 
iron,  there  remains,  after  the  Sulphur  is  evaporated,  a  con- 
fiderable  quantity  of  martial  earth,  which  is  difficult  to  fcori- 
fy.  The  pyrites,  as  well  as  the  cobalts,  contain  moreover  an 
unmetallic  earth,  which  is  hard  to  fufe. 

The  general  rule  therefore  is,  when  the  ore  is  rendered 
refractory  by  any  caufe  whatever,  to  mix  it  with  Glafs  of* 
Lead,  and  to  add  a  larger  quantity  of  granulated  Lead.  Yet 
fome  ores  are  fo  refractory  that  Lead  alone  will  not  do  the 
bufmefs,  and  recourfe  muft  be  had  to  fome  other  flux.  That 
which  is  fitteft  for  the  prefent  purpofe  is  the  Black  F/ux, 
compofed  of  one  part  of  Nitre  and  two  parts  of  Tartar  defla- 
grated together.     The  Phlogiilon  contained  in  this  quantity 
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of  Tartar  is  more  than  fufficient  to  alkalizate  the  Nitre. 
This  Flux,  therefore,  is  nothing  more  than  Nitre  alkalizated 
by  Tartar,  mixed  with  fome  of  the  fame  Tartar  that  hath 
not  loft  its  Phlogifton,  and  is  only  reduced  to  a  fort  of 
eoal. 

The  White  FlztX  is  alfo  very  fit  to  promote  fufion  ;  but  on 
this  occafion  the  Black  Fiux  is  preferahle,  becaufe  the  Phlo- 
gifton of  the  Black  Flux  prevents  the  Lead  from  being  too 
foon  converted  to  litharge,  and  fo  gives  it  time  to  difiblve  the 
metallic  matters.  The  White  Flux,  which  is  the  refult  of 
equal  parts  of  Tartar  and  Nitre  alkalizated  together,  being 
no  more  than  an  Alkali  deftitute  of  Phlogifton,  or  contain- 
ing but  very  little,  doth  not  poffefs  this  advantage. 

If  Silver  fhould  be  combined  in  the  ore  with  Iron  in  its 
metalline  ftate,  which  however  does  not  commonly  happen, 
then,  in  order  to  feparate  them,  the  Iron  muft  be  deprived 
of  its  Phlogifton,  and  converted  to  a  crocus  before  the  mix- 
ed mafs  be  melted  with  Lead ;  which  may  be  done  by  dif- 
fblving  it  in  the  Vitriolic  Acid,  and  then  evaporating  the 
Acid. 

.  We  are  neceffitated  to  make  ufe  of  this  contrivance,  be- 
caufe Iron  in  its  metalline  form  cannot  be  diftblved  either  by 
Lead  or  by  the  Glafs  of  Lead ;  but  when  it  is  reduced  to  a 
calx,  litharge  unites  with  it  and  fcorifies  it. 

If  you  have  not  at  hand  the  utenfils  neceffary  for  perform- 
ing the  operation  we  have  been  defcribing  in  a  teft,  and  un- 
der the  muffle ;  or  if  you  have  a  mind  to  work  on  a  greater 
quantity  of  ore  at  a  time,  you  may  make  ufe  of  a  crucible 
for  the  purpofe,  and  perform  the  operation  in  a  melting  fur- 
nace. 

In  this  cafe  the  ore  muft  be  prepared,  as  above  directed, 
according  to  its  nature,  and  mixed  with  a  proper  quantity  of 
Lead  and  Glafs  of  Lead ;  the  whole  put  into  a  good  cruci- 
ble, leaving  two  thirds  thereof  empty,  and  covered  with  a  mix- 
ture of  Sea-falt  and  a  little  Borax,  both  very  dry,  to  the 
thicknefs  of  a  full  half  inch. 

This  being  done,  fet  the  crucible  in  the  midft  of  a  melt- 
ing furnace,  raife  the  coals  quite  to  the  lip  of  the  crucible  ; 
light  the  fire ;  cover  the  furnace  with  its  dome ;  but  do  not 
urge  the  fire  more  than  is  neceilary  to  bring  the  mixture  to 
perfect  fufion :  leave  it  thus  in  fufion  for  a  good  quarter  of 
an  hour ;  ftir  the  whole  with  a  bit  of  ftrong  iron  wire ;  then 
let  it  cool ;  break  the  crucible,  and  feparate  the  Regulus 
from  the  fcoria. 

The 


Ghap.2.     PRACTICE    of    CHYMISTRY.      243 

The  Salts  added  on  this  occafion  are  fluxes,  and  their  ufe 
is  to  procure  a  perfect  fufion  of  the  fcoria. 

If  the  melted  matters  be  left  expofed  to  the  fire,  either  in 
a  teft  or  in  a  crucible,  longer  than  is  above  prefcribed,  the 
portion  of  Lead,  that  hath  united  and  precipitated  with  the 
Silver,  will  at  lait  vitrify,  and  at  the  fame  time  fcorify  all 
the  alloy  with  which  that  metal  may  be  mixed.  But  as  there 
are  no  veiTels  that  can  long  endure  the  action  of  litharge, 
without  being  pierced  like  a  fieve,  fome  of  the  Silver  may 
efcape  through  the  holes  or  figures  of  the  veflel,  and  fo  be 
loft.  It  is  better,  therefore,  to  complete  the  purification  of 
your  Silver  by  the  operation  of  the  Cupel,  the  defcription  of 
which  follows. 


PROCESS    II. 

The  refining  of  Silver  by  the  CuptL 

TAKE  a  cupel  capable  of  containing  one  third  more 
matter  than  you  have  to  put  into  it:  fet  it  under  the 
muffle  of  a  furnace,  like  that  defcribed  in  our  Theoretical 
Elements,  as  peculiarly  appropriated  to  this  fort  of  operation. 
Fill  the  furnace  with  charcoal ;  light  it ;  make  the  cupel  red- 
hot,  and  keep  it  fo  till  all  its  moifture  be  evaporated  -,  that  is, 
for  about  a  good  quarter  of  an  hour,  if  the  cupel  be  made 
wholly  of  the  allies  of  buret  bones ;  and  for  a  whole  hour,  if 
there  be  any  warned  wood-afh  in  its  compofition. 

Reduce  the  Regulus  which  remained  after  the  preceding 
operation  to  little  thin  plates,  flatting  them  with  a  fmall 
hammer,  and  feparating  them  carefully  from  all  the  adherent 
fcoria.  Wrap  thefe  in  a  bit  of  paper,  and  with  a  fmall  pair 
of  tongs  put  them  gently  into  the  cupel.  When  the  paper 
is  confirmed  the  Regulus  will  foon  melt,  and  the  fcoria, 
which  will  be  gradually  produced  by  the  Lead  as  it  turns  to 
litharge,  will  be  driven  to  the  fides  of  the  cupel,  and  imme- 
diately abforbed  thereby.  At  the  fame  time  the  cupel  will 
aflume  a  yellow,  brown,  or  blackifh  colour,  according  to  the 
quantity  and  nature  of  the  fcoria  imbibed  by  it. 

When  you  fee  the  matter  in  the  cupel  in  a  violent  ebulli- 
tion, and  emitting  much  fmoke,  lower  the  fire  by  the  me- 
thods formerly  prefcribed.  Keep  up  fuch  a  degree  of  heat 
only  that  the  fmoke  which  afcends  from  the  matter  may  not 
rife  very  high,  and  that  you  may  be  able  to  diftinguifti  the 
colour  which  the  cupel  acquires  from  the  fcoria. 

H  h  2  Increafe 
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Increafe  the  fire  by  degrees,  as  more  and  more  litharge  is 
formed  and  abforbed.  If  the  Regulus  examined  by  this  affay 
contain  no  Silver,  you  will  fee  it  turn  wholly  into  fcoria,  and 
at  laft  difappear.  When  it  contains  Silver,  and  the  quantity 
of  Lead  is  much  diminifhed,  you  will  perceive  little  vivid 
irifes,  or  beautiful  rain-bow  colours,  (hooting  fwiftly  along 
its  furface,  and  crofting  each  other  in  many  different  direc- 
tions. At  laft,  when  all  the  Lead  is  deftroyed,  the  thin  dark 
fkin,  that  is  continually  protruded  by  the  Lead  while  it  is 
turning  into  litharge,  and  which  hitherto  covered  the  Silver, 
fuddenly  difappears ;  and,  if  at  this  moment  the  fire  happen 
not  to  be  ftrong  enough  to  keep  the  Silver  in  fufion,  the  fur- 
face  of  that  metal  will  at  once  dart  out  a  dazzling  fplendour: 
but,  if  the  lire  be  ftrong  enough  to  keep  the  filver  in  fufion, 
though  freed  from  all  mixture  of  Lead,  this  change  of  co- 
lour, which  is  called  its  fulguration>  will  not  be  fo  percepti- 
ble, and  the  Silver  will  appear  like  a  bead  of  fire. 

Thefe  phenomena  fhew  that  the  operation  is  finifhed.  But 
the  cupel  mufl  ftill  be  left  a  minute  or  two  under  the  muffle, 
and  then  drawn  flowly  out  with  the  iron  hook  towards  the 
door  of  the  furnace.  When  the  Silver  is  fo  cooled  as  to  be 
but  moderately  red,  you  may  take  the  cupel  from  under  the 
muffle  with  your  little  tongs,  and  in  the  middle  of  its  cavity 
you  will  find  an  exceeding  white  bead  of  Silver,  the  lower 
part  whereof  will  be  unequal,  and  full  of  little  pits* 

OBSERVATIONS. 

The  Regulus  obtained  by  the  former  procefs  confifts  alto- 
gether of  the  Silver  contained  in  the  ore,  alloyed  with  the 
other  metals  that  happened  to  be  mixed  therewith  in  its  mi- 
neral ftate,  and  a  good  deal  of  the  Lead  that  was  added  to 
precipitate  the  Silver.  The  operation  of  the  cupel  may  be 
confidered  as  the  fequel  of  that  procefs,  being  intended  only 
to  reduce  into  a  fcoria  whatever  is  not  Gold  or  Silver.  Lead 
being  of  all  metals  that  which  vitrifies  the  moft  eafily,  which 
rooft  promotes  the  vitrification  of  the  reft,  and  the  only  one 
which,  when  vitrified,  penetrates  the  cupel,  and  carries  along 
with  it  the  other  metals  which  it  hath  vitrified,  is  confequent- 
ly  the  fitteft  for  that  purpofe.  We  fhall  fee  in  its  place,  that 
Bifmuth  hath  the  fame  properties  with  Lead,  and  may  be 
fubftituted  for  it  in  this  operation. 

Care  muft  be  taken  to  chufe  a  cupel  of  a  proper  capacity. 
Indeed  it  mould  rather  be  too  big  than  too  little  :  becaufe  the 
operation  is  no  way  prejudiced  by   an  excefs  in  its  fizej 

whereas. 
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whereas,  if  it  be  too  fmall,  it  will  be  over-dofed  with  Lead, 
and  at  lad  the  litharge,  which  deftroys  every  thing,  will  cor- 
rode its  cavity,  and  eat  holes  through  the  very  body  of  the 
veffel.  Add,  that  the  allies,  of  which  the  cupel  is  made,  being 
once  glutted  with  litharge,  abforb  it  afterwards  but  flowly, 
and  that  the  quantity  of  this  vitrified  litharge,  becoming  too 
great  to  be  contained  in  the  fubftance  of  the  veffel,  exfudes 
through  it,  and  drops  on  the  floor  of  the  muffle,  which  it 
corrodes  and  renders  unequal ;  and  moreover  folders  to  it  the 
veffels  fet  thereon.  It  may  be  laid  down  as  a  general  rule 
for  determining  the  fize  of  a  cupel,  that  it  weigh,  at  lead, 
half  as  much  as  the  metallic  mafs  to  be  refined  in  it. 

It  is  alfo  of  the  utmoft  confequence  that  the  cupel  be  well 
dried  before  the  metal  be  put  into  it.  In  order  to  make  fure 
of  this  point,  it  mult  be  kept  red-hot  for  a  certain  time,  as  is 
above  directed :  for  though  to  the  fight  and  to  the  touch  it 
may  appear  very  dry,  it  neverthelefs  obftinately  retains  a 
fmall  matter  of  moifture,  fufficient  to  occafion  the  lofs  of 
fome  of  the  metal ;  which,  when  it  comes  to  melt,  will  be 
thereby  fpirited  up,  in  the  form  of  little  globules,  to  the  very 
roof  of  the  muffle.  The  cupels  that  fland  moft  in  need  of  an 
intenfe  heat  to  dry  them,  are  thofe  chiefly  in  whofe  compofi- 
tion  wood-allies  are  employed  :  for  whatever  care  be  taken  to 
lixiviate  thofe  allies  before  they  are  ufed,  they  will  ftill  re- 
tain a  little  alkaline  fait;  and  that,  we  know,  is  very  greedy 
of  moifture,  will  not  part  entirely  with  it,  but  by  the  means 
of  a  violent  calcination,  and  presently  re-imbibes  it  when  ex- 
pofed  to  the  air. 

A  little  Phlogifton  alfo  may  Mill  be  left  in  the  afhes  of 
which  the  cupels  are  made;  and  that  is  another  reafon  for 
calcining  them  before  they  are  ufed.  By  this  means  the  re- 
maining Phlogifton  is  diffipated,  which  might  otherwife 
combine  with  the  litharge  during  the  operation,  reduce  it, 
and  occafion  fuch  a  ferment  in  the  matter  as  to  make  fome  of 
it  run  over;  to  thefe  inconveniencies,  which  any  remainder  of 
moifture  or  Phlogifton  may  produce,  we  muft  add  the  cracks 
and  flaws,  which  are  very  incident  to  cupels  not  perfectly 
freed  from  both  thofe  matters. 

It  is  of  no  lefs  importance  to  the  fuccefs  of  this  operation, 
that  a  due  degree  of  heat  be  kept  up.  In  the.  procefs  we 
have  defcribed  the  marks  which  (hew  the  heat  to  be  neither 
too  ftrong  nor  too  weak ;  when  it  exceeds  in  either  of  thefe 
refpedts  it  may  be  known  Jby  the  following  figns. 

If  the  fume  emitted  by  the  Lead  rife  like  a  fpout  to  the 
roof  of  the  muffle ;  if  the  furface  of  the  melted  metal  be  ex- 
tremely convex,  confidering  the  quantity  of  the  mats  :  if  the 
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cupel  appear  of  fuch  a  white  heat,  that  the  colour  commu- 
nicated thereto  by  the  imbibed  fcoria  cannot  be  diftinguifhed  : 
all  thefe  ftiew  that  the  heat  is  too  grear,  and  that  it  ought  to 
be  diminifhed.  If,  on  the  contrary,  the  vapours  only  hover, 
as  it  were,  over  the  furface  of  the  metal  •,  if  the  melted  mafs 
l>e  very  flat,  considering  its  quantity  ;  if  its  ebullition  appear 
but  faint;  if  the  fcoria,  that  appear  like  little  fiery  drops  of 
rain,  have  but  a  languid  motion ;  if  the  fcoria  gather  in 
heaps,  and  do  not  penetrate  the  cupel ;  if  the  metal  be  co- 
vered with  it  as  with  a  glafly  coat ;  and,  Jaftly,  if  the  cupel 
look  dull ;  thefe  are  proofs  that  the  heat  is  too  weak,  and 
ought  to  be  increafed. 

The  design  of  this  operation  being  to  convert  the  Lead  in- 
fo litharge,  and  to  give  it  fufficient  time  and  opportunity  to 
icorify  and  carry  off  with  it  whatever  is  not  Gold  or  Silver; 
the  fire  mult  be  kept  up  to  fuch  a  degree  that  the  Lead  may 
cafily  be  turned  into  litharge,  and  yet  that  litharge  not  be 
abforbed  too  hafliiy  by  the  cupel,  but  that  a  fmall  quantity 
thereof  may  all  along  remain,  like  a  ring,  round  the  melted 
metal. 

The  fire  is  to  be  gradually  increafed  as  the  operation  draws 
nearer  to  its  end  :  for,  as  the  proportion  of  the  Lead  to  the 
Silver  is  continually  leffening,  tne  metallic  mafs  gradually 
becomes  lefs  fufible ;  while  the  Silver  defends  the  Lead  mix- 
ed with  it  from  the  action  of  the  fire,  and  prevents  its  being 
cafily  converted  into  litharge. 

When  the  operation  is  finifhed,  the  cupel  muft  flill  be  left 
under  the  mufHe,  till  it  has  imbibed  all  the  litharge,  to  rhe 
end  that  the  bead  of  Silver  may  be  easily  taken  out :  for, 
without  this  precaution,  it  would  flick  fo  fad  as  not  to  be 
removed,  but  by  breaking  off  part  of  the  cupel-  along  with 
it.  Care  muft  alfo  be  taken  to  let  this  bead  of  Silver  cool 
gradually,  and  be  perfectly  fixed,  before  you  draw  it  from 
under  the  muifle ;  for  if  you  expofe  it  at  once  to  the  cold  air, 
before  it  be  fixed,  it  will  fwell,  ihoot  into  fprigs,  and  even 
dart  out  feveral  little  grains  to  a  considerable  distance,  which 
will  be  loft. 

If  the  bead  appear  to  have  a  yellowifh  tinge,  it  is  a  fign 
that  it  contains  a  great  deal  of  Gold,  which  muft  be  feparat- 
cd  from  it  by  the  methods  to  be  hereafter  fhewn* 

It  is  proper  to  obferve,  that  there  is  fcarce  any  Lead  that 
does  not  contain  fome  Silver;  too  little  perhaps  to  defray  the 
charges  neceffary  to  feparate  it,  yet  considerable  enough  to 
lead  us  into  an  error,  by  mixing  with  the  Silver  obtained 
from  an  ore,    and  increasing  its  weight.     And  therefore, 

when; 
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when  the  operations  above  defcribed  are  applied  to  the  afiay* 
ing  of  an  ore,  in  order  to  know  how  much  Silver  it  yields, 
it  is  previoufly  necefiary  to  examine  the  Lead  to  be  ufed,  and 
to  afcertain  the  quantity  of  Silver  it  contains,  which  mult  be 
deducted  from  the  total  weight  of  the  bead  of  Silver  obtain- 
ed by  purifying  it  in  this  manner. 

Silver  may  be  feparated  from  its  ore,  and  at  the  fame  time 
refined,  by  the  fingle  operation  of  the  cupel,  without  any 
previous  fcorification  with  Lead.  In  order  to  do  this,  you 
mud  pound  tne  ore;  roaft  it,  to  diffipate  all  its  volatile  parts; 
mix  it  with  an  equal  quantity  of  litharge,  if  it  be  refracto- 
ry ;  divide  it  into  five  or  fix  parcels,,  wrapping  each  in  a  bit 
of  paper;  weigh  out  eight  parts  of  granulated  Lead  for  one 
of  ere,  if  it  be  fufible,  and  from  twelve  to  fixteen,  if  it  be 
refractory ;  put  one  half  of  the  Lead  into  a  very  large  cupel 
under  the  muffle  ;  add  thereto  one  of  the  little  parcels  of  ore, 
when  the  Lead  begins  to  fmoke  and  boil;  immediately  flack- 
en  the  fire  a  little ;  continue  the  fame  degree  of  heat  till  you 
perceive  that  the  litharge  formed  round  the  metal,  and  on 
its  furface,  begins  to  look  bright;  then  raife  the  fire;  add  a. 
frefh  parcel  of  ore ;  continue  proceeding  in  the  fame  manner 
till  you  have  put  in  all  the  ore;  then  add  the  remaining  half 
of  the  granulated  Lead,  and  conduct:  the  fucceeding  part  of 
the  operation  in  the  fame  manner  as  that  of  cupelling. 

In  this  operation  it  is  neceffary  that  the  fire  be  not  too 
ftrcngly  urged,  and  that  it  be  diminifhed  every  time 
you'add  a  frefh  parcel  of  ore;  that  fo  the  Lead  and  the  li- 
tharge may  have  time  to  difiblve,  fcorify,  and  carry  off  into 
the  pores  of  the  cupel,  all  the  adventitious  matters  with 
which  your  Silver  may  be  mixed.  Notwith (tan ding  this 
precaution,  when  the  ore  is  refractory,  there  often  gathers  in 
the  cupel  a  great  quantity  of  fcoria,  together  alfo  with  fome 
of  the  ore  that  could  not  be  difTolved  and  fcorified.  It  is 
with  a  view  to  remedy  this  inconvenience  that  the  fecond 
moiety  of  the  Lead  is  added  towards  the  end,  which  com- 
pletes the  diflblution  and  fcorification  of  the  whole ;  fo  that 
by  means  thereof  no  fcoria,  or  very  little,  is  left  in  the  cu- 
pel at  the  end  of  the  operation. 

The  operation  of  the  cupel  is  chiefly  ufed  to  purify  Silver 
from  the  alloy  of  Copper;  becaufe  this  metal,  being  more 
fixed  and  harder  to  calcine  than  other  metallic  fubftances,  is 
the  only  one  that  remains  united  with  Silver  and  Lead,  after 
roafting  and  fcorification  with  Lead.  It  requires  no  lefs  than 
fixteen  parts  of  the  Lead  to  dedroy  it  in  the  cupel,  and  fe- 
parate  it  from  Silver.     It  melts  into  one  mafs  with  the  Lead  -% 

and 


248  ELEMENTS     of     The  Sea.  2. 

and  the  glafs  produced  by  thefe  two  metals,  deprived  of 
their  phlogifton,  inclines  to  a  brown  or  a  black  colour ;  by 
which  appearance  chiefly  we  know  that  our  Siver  was  alloy- 
ed with  Copper. 


PROCESS     III. 

To  purify  Silver  by  Nitre* 

GR.ANULATE  the  Silver  you  intend  to  purify,  or  re- 
duce it  to  thin  plates;  put  it  into  a  good  crucible;  add 
thereto  a  fourth  part  in  weight  of  very  dry  pulverized  Nitre, 
mixed  with  half  the  weight  of  the  Nitre  of  calcined  Wine* 
lees,  and  about  a  fixth  part  of  the  fame  weight  of  common 
glafs  in  powder.  Cover  this  crucible  with  another  crucible 
inverted;  which  muft  be  of  fuch  a  fize  that  its  mouth  may 
enter  a  little  way  into  that  of  the  lower  one,  and  have  its 
bottom  pierced  with  a  hole  of  about  two  lines  in  diameter. 
Lute  the  two  crucibles  together  with  clay  and  Windfor-loam. 
When  the  lute  is  dry,  place  the  crucibles  in  a  melting  fur- 
nace. Fill  the  furnace  with  charcoal,  taking  care  however 
that  the  fuel  do  not  rife  above  the  upper  crucible. 

Kindle  the  fire,  and  make  your  vefTels  of  a  middling-red 
heat.  When  they  are  fo,  take  up  with  the  tongs  a  live-coal, 
and  hold  it  over  the  hole  of  the  upper  crucible.  If  you  im- 
mediately perceive  a  vivid  fplendour  round  the  coal,  and  at 
the  fame  time  hear  a  gentle  hiding  noife,  it  is  a  fign  that  the 
fire  is  of  a  proper  ftrength;  and  it  muft  be  kept  up  at  the 
fame  degree  till  this  phenomenon  ceafe. 

Then  increafe  the  fire  to  the  degree  requifite  to  keep  pure 
Silver  in  fufion ;  and  immediately  after  take  your  veffels  out 
of  the  furnace.  You  will  find  the  Silver  at  the  bottom  of 
the  lower  crucible,  covered  with  a  mafs  of  Alkaline  fcoria 
of  a  greenim  colour.  If  the  metal  be  not  rendered  perfect- 
ly pure  and  ductile  by  this  operation,  it  mull  be  repeated  a 
fecond  time. 


OBSERVATIONS. 

The  purification  of  Silver  by  Nitre,  as  well  as  the  pro- 
cefs  for  refining  it  on  the  cupel,  is  founded  on  the  property 
which  this  metal  poiTeiTes  of  refilling  the  force  of  the  ftrong- 
eft  fire,  and  the  power  of  the  mod:  acfive  folvents,  without 
Joling  its  phlogifton.  The  difference  between  thefe  two  ope- 
rations 
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rations  confifts  wholly  in  the  fubftances  made  ufe  of  to  pro- 
cure the  fcorification  of  the  imperfect  metals,  or  femi -me- 
tals, that  may  be  combined  with  the  Silver.  In  the  former 
this  was  obtained  by  Lead,  and  here  it  is  effected  by  Nitre. 
This  Salt,  as  we  have  fhewn,  hath  the  property  of  calcining 
and  quickly  deftroying  all  metallic  fubftances,  by  confuming 
their  phlogifton,  except  the  perfect  metals,  Gold  and  Silver, 
which  alone  are  able  to  refill  its  force.  This  method  may 
therefore  be  employed  to  purify  Gold  as  well  as  Silver,  or 
indeed  both  the  two  mixed  together. 

In  this  operation  the  Nitre  is  gradually  alkalizated,  as  its 
Acid  is  confumed  with  the  phlogifton  of  the  metallic  fub- 
ftances. The  Alkaline  Salt  and  pounded  glafs  are  added, 
with  a  view  to  promote  the  fufion  of  the  metalline  calces,  as 
fait  as  they  are  formed,  and  to  fix  and  retain  the  Nitre, 
which,  as  we  fhall  prefently  fee,  is  apt  to  fly  off  in  a  certain 
degree  of  heat. 

The  precaution  of  covering  the  crucible  with  another  cru- 
cible inverted,  which  hath  only  a  fmall  hole  in  its  bottom, 
is  defigned  to  prevent  any  of  the  Silver  from  being  loft  in 
the  operation  :  for  when  the  Nitre  comes  to  be  acted  on  bv  % 
certain  degree  of  heat,  and  efpeciaily  when  it  deflagrates  with, 
any  inflammable  matter,  part  of  it  flies  off,  and  fo  rapidly 
too  as  to  be  capable  of  carrying  off  with  it  a  good  deal  of  the 
Silver.  The  little  hole  left  in  the  covering  crucible  is  ne- 
ceflary  for  giving  vent  to  the  vapours,  which  rife  during  the 
deflagration  of  the  Nitre,  as  they  would  otherwife  open 
themfelves  a  paffage  by  burfting  the  veffels.  After  the  ope- 
ration this  vent-hole  is  found  befet  with  many  little  particles 
of  Silver,  which  would  have  been  loft  if  the  crucible  had 
not  been  covered. 

If  you  ihould  obferve,  during  the  detonation  of  the  Nitre, 
that  a  great  many  vapours  iffue  through  the  vent-hole  with  a 
confiderable  hilling  noife,  even  without  applying  the  coal, 
you  mult  take  it  for  a  fign  that  the  fire  is  too  brifk,  and  ac- 
cordingly check  it;  elfe  a  great  deal  of  the  Nitre  will  be  dif- 
fipated,  and  with  it  much  Silver. 

You  muft  obferve  to  take  the  Silver  out  of  the  fire  as  foon 
as  it  is  in  fufion  :  for  if  you  neglect  this,  the  Nitre  being  en- 
tirely diftipated  or  alkalizated,  the  calces  of  the  metals  de- 
ftroyed  by  it  may  poftibly  recover  a  little  phlogifton,  commu- 
nicated either  by  the  vapours  of  the  charcoal,  or  by  little  bits 
of  coal  accidentally  falling  into  the  crucible;  by  which 
means  fome  portion  of  thofe  metals  being  reduced  wili  mix 
again  with  the  Silver,  prevent  its  having  the  defired  degree 
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of  purity  and  du&ility,  and  oblige  you  to  begin  the  opera- 
tion afrefh. 


PROCESS     IV. 

To  dijfolve  Silver  in  Aqua  Fortis,  and  thereby  feparate  it 
from  every  other  metalline  fubflance.  The  Purification  of 
Aqua  Fortis.     Silver  precipitated  by  Copper, 

THE  Silver  you  intend  to  diflblve  being  beaten  into  thin 
plates,  put  it  into  a  glafs  cucurbit ;  pour  on  it  twice  its 
weight  of  good  precipitated  aqua  fortis ;  cover  the  cucurbit 
with  a  piece  of  paper,  and  fet  it  on  a  fand-bath  moderately 
heated.  The  aqua  fortis  will  begin  to  diifolve  the  Silver  as 
foon  as  it  comes  to  be  a  little  warm.  Red  vapours  will  rife ; 
and  from  the  upper  furfaces  of  the  Silver  there  will  feem  to 
iflue  ftreams  of  little  bubbles,  afcending  to  the  top  of  the  li- 
quor, between  which  and  the  Silver  they  will  form,  as  it 
were,  a  number  of  fine  chains :  this  is  a  fign  that  the  diflb- 
lution  proceeds  duly,  and  that  the  degree  of  heat  is  fuch  as 
it  ought  to  be.  If  the  liquor  appear  to  boil  and  be  agitated, 
a  great  many  red  vapours  rifmg  at  the  fame  time,  it  is  a  fign 
that  the  heat  is  too  great,  and  mould  be  leiTened  till  it  be  re- 
duced to  the  proper  degree  indicated  above  :  having  obtained 
that,  keep  it  equally  up  till  no  more  bubbles  or  red  vapours 
appear. 

If  your  Silver  be  alloyed  with  Gold,  the.  Gold  will  be 
found,  when  the  diiTolution  is  finifhed,  at  the  bottom  of  the 
vefiel  in  the  form  of  a  powder.  This  folution  muft  now  be 
decanted  while  it  is  yet  warm;  oh  the  powder  pour  half  as 
much  frefti  aquafortis  as  before,  and  make  it  boil ;  again 
decant  this  fecond  aqua  fortis^  and  repeat  the  fame  a  third 
time-,  then  with  fair  water  warn  the  remaining  powder  well : 
it  will  be  of  a  brown  colour  inclining  to  red.  In  the  obfer- 
vations  we  fhall  fhow  how  the  Siiver  is  to  be  feparated  from 
the  aqua  fortis* 

OBSERVATIONS. 

All  the  procefTes  on  Silver  already  delivered,  whether 
for  extracting  it  from  its  ores,  or  for  refining  it,  either  by 
the  Cupel  or  by  Nitre,  are  applicable  to  Gold  alfo.  And  if 
Silver  be  alloyed  with  Gold  before  it  undergo  thofe  feveral 
operations,  it  will  ftill  remain  alloyed  therewith  after  them, 
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in  the  fame  manner,  and  in  the  fame  quantity ;  becaufe  both 
metals  bear  them  equally.  All  therefore  that  can  be  expect- 
ed from  thofe  feveral  allays,  is  the  feparation  of  every  thing 
that  is  neither  Silver  nor  Gold  from  thefe  two  metals.  But 
in  order  to  feparate  thefe  two  from  each  other,  recourfe  muft 
be  had  either  to  the  procefs  laid  down  under  the  head  of  Gold, 
or  to  that  here  defcribed,  which  is  the  moll  commodious,  the 
moll  ufual,  and  known  by  the  names  of  Quartation  and  the 
Parting  Ajfay, 

Aquafortis  is  the  true  folvent  of  Silver,  and  is  utterly  in- 
capable of  dilTolving  the  leall  atom  of  Gold.  If  therefore  a 
mafs  confifting  of  Gold  and  Silver  be  expofed  to  the  action 
of  aqua  fortis,  that  Acid  will  diflblve  the  Silver  contained 
in  the  compound,  without  touching  the  Gold,  and  the  two 
metals  will  be  feparated  from  each  other.  This  method  of 
parting  them  is  juft  the  reverfe  of  that  defcribed  before  un- 
der the  head  of  Gold,  which  is  effected  by  the  means  of 
aqua  regis. 

To  the  fuccefs  of  this  feparation,  by  means  of  aquafortis, 
feveral  conditions  are  effentially  neceffary.  The  firft  is,  that 
the  Gold  and  Silver  be  in  due  proportion  to  each  other  5  that 
is,  there  mull  be  at  leall  twice  as  much  Silver  as  Gold  in  the 
metalline  mafs,  otherwife  the  aqua  fort  is  will  not  be  able  to 
diflblve  it,  for  the  reafon  formerly  given.  If  therefore  the 
mafs  contain  too  little  Silver,  it  rnuft  either  be  melted  down 
again,  and  a  proper  quantity  of  Silver  added ;  or  elfe,  if  the 
Gold  be  in  a  fufficient  proportion  to  the  Silver,  they  may  be 
parted  by  means  of  aqua  regis, 

•  Secondly,  it  is  neceliary  that  the  aqua  fortis  employed  in 
this  operation  be  abfolutely  pure,  and  free  from  any  taint  of 
the  Vitriolic  or  Marine  Acid  :  for,  if  it  be  adulterated  with 
the  Vitriolic  Acid,  the  Silver  will  precipitate  as  fall  as  it  dif- 
folves,  and  fo  the  precipitated  Silver  will  again  mix  with  the 
Gold.  If  the  aqua  fortis  contain  any  of  the  Marine  Acid, 
the  Silver  will  be  precipitated  in  that  cafe  alfo ;  and  this  in- 
convenience v/ill  be  attended  with  another,  namely,  that  the 
menllruum,  being  partly  an  aqua  regis,  wiil  diflblve  fome 
of  the  Gold.  You  mull  therefore  be  very  fure  that  your 
aqua  fortis  is  pure,  before  you  fet  about  the  operation.  In 
order  to  difcoverits  quality,  you  mull  try  it  by  dilTolving,  in 
a  fmall  portion  thereof,  as  much  Silver  as  it  will  take  up:  if 
the  aqua  fortis  grow  opaque  and  milky  as  it  diflblves  the 
Silver,  it  is  a  fign  it  contains  fome  foreign  Acid,  from  which 
it  mull  be  purified. 

I  i  2  In 
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In  order  to  efFecl:  this,  let  the  portion  of  aqua  forth  ufed 
for  the  above  trial  (land  to  fettle:  the  white  milky  part  will 
gradually  fail  to  the  bottom  of  the  veflel.  When  it  is  all 
fallen,  gently  decant  the  clear  liquor,  and  pour  a  few  drops- 
of  this  decanted  folution  of  Silver  into  the  aquafortis  which 
you  want  to  purify.  It  will  inftantly  become  milky.  Let 
the  white  particles  precipitate  as  before,  and  then  add  a  few 
more  drops  of  your  folution  of  Silver.  If  the  aqua  fortis 
ftill  become  milky,  let  it  precipitate  again,  and  repeat  this 
till  you  find  that  a  drop  of  your  folution  of  Silver,  let  fall 
into  this  aqva  fortis,  does  not  make  it  in  the  lead  turbid. 
Then  iilrer  it  through  brown  paper,  and  you  will  have  aa 
aqua  fortis  perfectly  nt  for  the  Parting  AlTay. 

1  he  white  particles  that  appear  and  fettle  to  the  bottom,  on 
diflolving  filver  in  an  aqua  fortis  adulterated  with  a  mixture 
of  iome  foreign  Acid,  are  no  other  than  that  very  Silver,  which 
is  no  fooner  difiblved  by  the  Nitrous  Acid  than  itdeferts  that 
foivent  to  unite  with  the  Vitriolic  or  Marine  Acid,  where- 
with it  has  a  greater  affinity,  and  falls  to  the  bottom  with 
them,  And  this  happens  as  long  as  there  remains  in  the 
aqua  fortis  a  tingle  atom  of  either  of  thofe  two  Acids. 

When  therefore  your  aqua  fortis  hath  diflblved  as  much 
Silver  as,  it  is  capable  of  taking  up,  and  when  all  the  white 
particles  formed. during  the  diffolution  are  fettled  to  the  bot- 
tom, you  may  be  allured  that  the  portion  which  remains 
clear  and  limpid  is  a  folution  of  Silver  in  an  exceeding  pure 
aqua  fortis*  But  if  the  folution  of  Silver  thus  depurated 
be  nnxed  with  an  aqua  fortis  adulterated  with  the  Vitriolic 
or  Marine  Acid,  a  like  precipitation  will  immediately  enfue, 
for  the  reafons  above  given;  till  the  very  laft  particle  of 
the  heterogeneous  ;icid  contained  in  the  aqua  fortis  be  pre- 
cipitated, 

sjqiia  fortis  purified  by  this  method  contains  no  extrane- 
ous iubftance  whatever,  except  a  fmall  portion  of  Silver  ;  fa 
that  it  is  very  tit  lor  the  parting  procefs.  But  if  it  be  in^ 
tended  for  other  chymical  purpofes,  it  mull:  be  rectified  in  a 
glafs  retort  with  a  moderate  heat,  in  order  to  feparate  it  from 
the  fmaii  portion  of  Silver  it  contains,  which  will  remain  at 
the  bottom  oi  the  retort. 

The  third  condition  neceflary  to  the  fuccefs  of  this  opera- 
tion is,  that  your  aqua  fortis  be  neither  too  aqueous,  nor  too 
highly  concentrated.  If  too  weak,  it  will  not  a£t  upon  the 
Silver :  and  the  coniequence  will  be  the  fame  if  it  be  too 
firong.  Both  thefe  inconveniencies  are  eafiiy  remedied:  for 
in  the  former  cafe  part  of  the  fuperfluous  phlegm  may  be 

drawn 
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drawn  off  by  diftillation ;  or  a  fufficient  quantity  of  much 
ftronger  aqua  fortis  may  be  mixed  with  that  which  is  too 
weak :  and,  in  the  latter  cafe,  very  pure  rain  water,  or  a 
weaker  aqua  fortis,  may  be  mixed  with  that  which  is  too 
ftrong. 

You  may  fatisfy  yourfelf  whether  or  no  your  aqua  fortis 
hath  the  requifite  degree  of  ftrength,  by  diffolving  therein  a 
thin  plate  confiding  of  one  part  Gold  and  two  or  three  parts 
Silver;  which  plate  mud  be  rolled  up  in  form  of  a  paper 
coffin.  If,  when  all  the  Silver  contained  in  the  plate  is  dif- 
folved,  the  Gold  remains  in  the  form  of  the  coffin,  it  is  a 
tign  that  your  folvent  has  a  due  degree  of  ftrength.  If,  on 
the  contrary,  the  Gold  be  reduced  to  a  powder,  it  is  a 
proof  that  your  aqua  fortis  is  too  ftrong,  and  ought  to  be 
"weakened. 

The  Gold  remaining  after  the  diffolution  of  the  Silver  muft 
be  melted  in  a  crucible  with  Nitre  and  Borax,  as  hath  alrea- 
dy been  faid  under  the  procefs  for  parting  Gold  and  Silver  by 
means  of  aqua  regis.  As  to  the  Silver  which  remains  dif-- 
folved  in  the  aquafortis,  there  are  feveral  ways  to  recover  it. 

The  moft  ufual  is  to  precipitate  it  by  the  interpolation  of 
Copper,  which  hath  a  greater  affinity  than  Silver  with  the 
Nitrous  Acid  *.  For  this  purpofe  the  folution  is  weakened 
by  adding  twice  or  thrice  as  much  very  pure  rain  water.  The 
cucurbit  containing  the  folution  is  fet  on  a  fand-bath  gently 
heated,  and  very  clean  plates  of  copper  put  into  it.  The  fur- 
faces  of  thefe  plates  are  foon  covered  with  little  white  fcales, 
which  gradually  fall  to  the  bottom  of  the  veffel,  as  they  come 
to  be  collected  in  quantities.  It  is  even  proper  to  ftrike  the 
cucurbit  gently  now  and  then,  in  order  to  fhake  the  fcales  of 
Silver  from  the  copper  plates,  and  fo  make  room  for  a  new 
crop. 

The  aqua  fortis  parts  with  the  Silver  by  degrees  only,  as, 
it  diffolves  the  Copper ;  and  therefore  the  liquor  gradually 
acquires  a  blueifh  green  colour  as  the  precipitation  advances. 
This  precipitation  of  the  Silver  is  to  be  continued  as  long  as 
any  remains  diffolved  in  the  aqua  fortis  :  you  may  be  lure 
that  your  liquor  contains  no  more  Silver,  if  the  furface  of  a 
frefh  plate  of  Copper  laid  therein  remain  clean  and  free  from 
afh-coloured  or  greyifb  particles  :  or  if  one  drop  of  a  folution 
of  Sea-falt  let  fall  into  it  produce  no  white  or  milky  cloud. 

The  precipitation  being  finimed,  the  liquor  is  to  be  gently- 
poured  off  from  the  precipitated  Silver,  which  mutt  be  rinfed 

*  Sec  the  Table  rf  Affinities,  Column  IV. 
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in  feveral  waters,  and  even  made  to  boil  therewith,  in  order 
to  free  it  wholly  from  the  diflblved  Copper.  The  Silver  thus 
well  warned  muft  be  thoroughly  dried,  mixed  with  a  fourth 
part  of  its  weight  of  a  flux  compounded  of  equal  parts  of 
Nitre  and  calcined  Borax,  and  then  melted  in  a  crucible. 
On  this  occafion  care  mull  be  taken  to  raife  the  fire  gently 
and  gradually,  till  the  Silver  be  brought  to  fufion. 

"With  what  accuracy  foever  the  precipitated  Silver  be  warn- 
ed, in  order  to  free  it  from  the  folution  of  Copper,  yet  the 
Silver  will  always  be  found  alloyed  with  a  fmall  portion  of 
the  Copper :  but  then  this  Copper  is  eafily  deftroyed  by  the 
Nitre,  with  which  the  Silver  is  afterwards  melted ;  fo  that 
the  latter  metal  remains  perfectly  pure  after  the  operation. 

Though  the  Silver  be  not  previouily  cupelled,  but  be  al- 
loyed with  other  metallic  fubftances  at  the  time  it  is  thus 
diflblved,  yet  the  diflblving,  precipitating,  and  fufing  it  with 
Nitre^  would  be  fuffkient  to  feparate  it  accurately  from  them 
all,  and  refine  it  to  a  degree  of  purity  equal  to  that  obtained 
by  the  cupel. 

The  Copper  that  remains  diflblved  in  the  aquafortis,  after 
the  precipitation  of  the  Silver,  may  in  like  manner  be  preci- 
pitated by  Iron,  and,  as  it  retains  a  fmall  portion  of  Silver, 
ought  not  to  be  neglected  when  thefe  operations  are  perform- 
ed on  confiderable  quantities. 

In  the  two  next  procefles  we  (hall  (hew  two  other  methods 
of  feparating  Silver  from  aqua  fort  is. 


PROCESS    V. 

To  feparate  Silver  from  the  Nitrous  Acid  by  DifliUation. 
Cryjials  of  Silver.     The  Infernal  Stone. 

INTO  a  large,  low,  glafs  body  put  the  folution  of  Silver* 
from  which  you  intend  to  feparate  the  Silver  by  diitiila- 
tion.  To  this  body  fit  a  tubuUted  head  provided  with  its 
flopple.  Set  this  alembic  in  a  land- bath,  fo  that  the  body 
may  be  almoft  covered  with  fand :  apply  a  receiver,  and  di- 
ftil  with  a  moderate  heat,  fo  that  the  drops  may  fucceed  each 
other  at  the  diftance  of  fome  feconds.  If  the  receiver  grow 
very  hot,  check  the  fire.  When  red  vapours  begin  to  ap- 
pear, pour  into  the  alembic,  through  the  hole  in  its  head,  a 
frefh  quantity  of  your  folution  of  Silver,  firft  made  very  >t. 
Continue  diftiiling  in  this  manner,  and  repeating  the  addi- 
tion of  frefh  liquor,  till  all  your  folution  be  put  into  the  a- 

lembic. 
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lembic.  When  you  have  no  more  frefh  folution  to  put  in, 
and  when,  the  phlegm  being  all  come  over,  red  vapours  be- 
gin again  to  appear,  convey  into  the  alembic  half  a  dram  or 
a  dram  of  tallow,  and  diftil  to  drynefs  ;  which  being  done,  in- 
creafe  your  fire  fo  as  to  make  the  veffel  containing  the  fand- 
bath  red-hot.  In  the  alembic  you  will  find  a  calx  of  Silver, 
which  muft  be  melted  in  a  crucible  with  fome  foap  and  cal- 
cined wine-lees. 

OBSERVATIONS. 

Alow  cucurbit  is  recommended  for  this  operation,  to 
the  intent  that  the  particles  of  the  Nitrous  Acid,  which  are 
ponderous,  may  the  more  eailly  be  carried  up  and  pafs  over  . 
into  the  receiver.  For  the  fame  reafon  the  cucurbic  is  direct 
ed  to  be  almoft  wholly  covered  with  fand  •,  left  otherwife  the 
acid  vapours  mould  be  condenfed  about  that  part  of  the  cu- 
curbit, which,  being  out  of  the  fand,  would  be  much  cooler 
than  that  which  is  encompaffed  therewith,  and  from  thence 
fhould  fall  back  again  to  the  bottom ;  by  which  means  the 
diltillation  would  certainly  be  retarded,  and  the  veffel  proba- 
bly be  broken. 

Notwithstanding  thefe  precautions  the  veffels  are  liable  to 
break  in  fuch  diftillations ;  efpecially  when  they  contain  a 
great  deal  of  liquor.  With  a  view,  therefore,  to  prevent  this 
accident,  we  ordered  that  the  whole  quantity  of  the  folution 
of  Silver  to  be  diflilled  fhould  not  be  put  at  once  into  the  a- 
lembic.  The  little  bit  of  tallow,  added  towards  the  end  of 
the  operation,  is  intended  to  hinder  the  metal  from  adhering 
clofely  to  the  veffel,  as  it  would  otherwife  do,  when  all  the 
moifture  is  diffipated. 

The  Soap  and  Fixed  Alkali  mixed  with  the  Silver  to  flux 
it,  after  its  feparation  from  the  aquafortis  in  this  way,  ferve 
to  abforb  fuch  of  the  moft  fixed  particles  of  the  Acid  as  may 
(till  remain  united  with  the  metal. 

If  the  diftillation  be  flopped  when  part  of  the  phlegm  is 
drawn  off,  and  the  liquor  be  then  fuffered  to  cool,  many 
cryftals  will  fhoot  therein,  which  are  a  Neutral  Salt  confti- 
tuted  of  the  Nitrous  Acid  and  Silver.  If  the  diftillation  be 
carried  further,  and  flopped  when  near  its  conclufion,  the  li- 
quor being  then  fuffered  to  cool  will  wholly  coagulate  into  a 
blackifh  mafs  called  the  Infernal  Stone. 

This  way  of  feparating  Silver  from  its  folvent  is  attended 
with  the  advantage  of  faving  all  the  aqua  fortis,  which  is 
excellent,  and  fit  to  be  employed  in  other  operations. 

PROCESS 
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PROCESS    VI. 

To  feparate  Silver  from  the  Nitrous  Acid  by  Precipitation* 
Luna  Cornea.     Luna  Cornea  reduced. 

INTO  your  folution  of  Silver  pour  about  a  fourth  part  in 
weight  of  Spirit  of  Salt,  folution  of  Sea-falt,  or  folution 
of  Sal  Ammoniac.  The  liquor  will  inftantly  become  turbid 
and  milky.  Add  twice  or  thrice  its  weight  of  fair  water, 
and  let  it  ftand  fome  hours  to  fettle.  It  will  depofite  a  white 
powder.  Decant  the  clear  liquor,  and  on  the  precipitate 
pour  frefh  aqua  fortis,  or  Spirit  of  Salt,  and  warm  the 
whole  on  a  fand-bath  with  a  gentle  heat  for  fome  time* 
Pour  off  this  fecond  liquor,  and  boil  your  precipitate  in  pure 
water,  fhifting  it  feveral  times,  till  the  precipitate  and  the 
Water  be  both  quite  infipid.  Filter  the  whole,  and  dry  the 
precipitate,  which  will  be  a  Luna  Cornea,  and  mult  be  redu- 
ced in  the  following  manner. 

Smear  the  infide  of  a  good  crucible  well  with  foap.  Put 
your  Luna  Cornea  into  it ;  cover  it  with  half  its  weight  of 
Salt  of  Tartar,  thoroughly  dried  and  pulverized  •,  prefs  the 
whole  hard  down ;  pour  thereon  as  much  oil,  or  melted  tal- 
low, as  the  powder  is  capable  of  imbibing;  fet  the  crucible 
thus  charged,  and  clofe  covered,  in  a  melting  furnace,  and, 
for  the  firft  quarter  of  an  hour,  make  no  more  fire  than  is 
necefiary  to  make  the  crucible  moderately  red  :  after  that 
raife  it  fo  as  to  melt  the  Silver  and  the  Salt,  throwing  into 
the  crucible  from  time  to  time  little  bits  of  tallow.  When 
it  ceafes  to  fmoke,  let  the  whole  cool ;  or  pour  it  into  a  hol- 
low iron  cone,  warmed  and  tallowed. 

OBSERVATIONS. 

The  procefs  here  delivered  furnifhes  us  with  the  means  of 
procuring  Silver  in  a  degree  of  purity  which  is  not  to  be  ob- 
tained by  any  other  method  of  treating  it  whatever.  That 
which  is  refined  on  the  cupel  always  retains  a  fmall  portion 
of  Copper,  from  which  it  cannot  poffibly  be  feparated  in 
that  way :  but  if  it  be  diflblved  in  aqua  fortis,  and  precipi- 
tated thence  in  a  Luna  Cornea  by  the  Marine  Acid,  the  pre- 
cipitate will  be  an  abfolutely  pure  Silver,  unalloyed  with  that 
fmall  portion  of  Copper  which  is  retained  on  the  cupel. 
The  reafon  of  this  etfe&  is,  that  the  Copper  remains  as  per- 
i  feebly 
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fe&ly  difiblved  in  Spirit  of  Salt  and  in  aqua  regia  as  in  aqua 
forth :  f©  that  when  the  Silver,  and  the  Copper  with  which 
it  is  alloyed,  are  riifTolved  together  in  the  Nitrous  Acid,  it* 
the  Acid  of  Sea-falt  be  mixed  with  the  folution,  part  of  this 
latter  Acid  unites  with  the  Silver,  and  therewith  forms  a  new 
compound,  which  not  being  foluble  in  the  liquor,  falls  to  the 
bottom.  The  other  part  of  the  Acid  mixing  with  the  Ni- 
trous, forms  an  aqua  regis,  in  which  the  Copper  remains 
diiTolved,  without  i'eparating  from  it. 

Frefh  Acid  is  poured  on  the  precipitated  calx  of  Silver,  in 
order  to  complete  the  folution  of  the  frnall  portion  of  Copper 
that  may  have  efcaped  the  action  of  the  fir  ft  folvent.  It  is 
indifferent  whether  the  Spirit  of  Salt  or  the  Spirit  of  Nitre 
be  employed  for  this  purpofe,  becaufe  they  both  diflbive  Cop- 
per alike,  and  becaufe  Silver  precipitated  by  Spirit  of  Salt 
is  not  foluble  in  either. 

After  this  it  is  necefThry  to  warn  the  precipitate  well  with 
pure  water,  in  order  to  free  it  entirely  from  the  particles  of 
aquafortis  adhering  to  the  Silver;  becaufe  they  may  pombly 
coi'tain  foraething  of  Copper,  which  would  mix  with  the 
Silver  in  melting,  and  taint  its  purity. 

If  this  precipitate  of  Silver  be  expofed  to  the  f"re,  unmix- 
ed with  any  other  fubftance,  it  melts  as  foon  as  it  begins  to 
be  red ;  and,  if  the  fire  be  increafed,  part  thereof  will  be 
difiipated  in  vapours,  and  the  reft  will  make  its  way  through 
the  crucible.  But  being  poured  out  as  foon  as  melted,  it 
coagulates  into  a  cake  of  a  purplifh  red  colour,  femi-tranfpa- 
rent,  ponderous,  and  in  fome  degree  pliable,  efpecially  if  it 
be  very  thin.  It  bears  fome  refemblance  to  horn,  which  hath 
occafioned  it  to  be  called  Luna  Cornea. 

As  Luna  Cornea  is  not  foluble  in  water,  recourfe  mud  be 
had  to  fuiion,  in  order  to  reduce  it,  by  feparating  from  the 
Silver  thofe  acids  which  give  it  the  above-mentioned  proper- 
ties. Fixed  Alkalis  and  fatty  matters  are  very  fit  to  produce 
that  feparation. 

We  directed  that  the  infide  of  the  crucible,  in  which  the 
reduction  is  to  be  made,  fhould  be  carefully  fmeared  with 
foap,  and  that  the  Luna  Cornea  fhould  be  quite  covered  with 
a  Fixed  Alkali  and  fat,  to  the  end  that  when  the  heat  is 
Itrong  enough  to  diffipate  it  in  vapours,  or  to  attenuate  it  To 
as  to  render  it  capable  of  penetrating  the  crucible,  it  may  be 
forced  to  pais  through  matters  qualified  to  abforb  its  Acid, 
and  reduce  it. 

Luna  Cornea  may  alfo  be  reduced  by  being  melted  with 
(uch  metalline  fubitances  as  have  a  greater  affinity  than  Sii- 

K  k  vet 
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ver  with  the  Acids  wherewith  it  is  impregnated.  Of  this 
kind  are  Tin,  Lead,  Regulus  of  Antimony :  but  the  Luna 
Cornea  rufhes  fo  impetuoufly  into  conjunction  with  thofe 
metalline  fubftances,  that  a  vaft  many  vapours  arife,  and 
carry  off  with  them  part  of  the  Silver  :  if  therefore  you  chufe 
to  errecl:  the  reduction  by  the  interpofition  of  fuch  metalline 
fubftances,  you  muft  employ  a  retort  inftead  of  a  crucible. 

But  this  method  is  attended  with  another  inconvenience ; 
■which  is,  that  fome  part  of  thofe  metalline  fubftances  may 
unite  with  the  Silver,  and  adulterate  it:  for  which  reafon  it 
is  beft  to  keep  to  the  method  firft  propofed. 


PROCESS    VII. 

To  dijfolve  Silver,  andfeparate  it  from  Gold,  by  Cementation,* 

MIX  thoroughly  together  fine  brick- duft  four  parts,  Vi- 
triol calcined  to  rednefs  one  part,  and  Sea-falt  or  Ni- 
tre one  part.  Moifien  this  powder  with  a  little  water.  With 
this  cement  cover  the  bottom  of  a  crucible  half  an  inch  thick; 
on  this  flrft  bed  lay  a  thin  plate  of  the  mafs  of  Gold  and  Sil- 
ver you  intend  to  cement,  and  which  you  mull:  previoufly 
take  care  to  beat  into  fuch  thin  plates.  Cover  this  plate  with 
a  fecond  layer  of  cement,  of  the  fame  thicknefs  as  the  for- 
mer ;  on  this  fecond  bed  lay  another  plate  of  your  metal  -t 
cover  it  in  like  manner  with  cement;  and  fo  proceed  till  the 
crucible  be  filled  to  within  half  an  inch  of  its  brim.  Fill  up 
the  remaining  fpace  with  cement,  and  clofe  the  crucible  with 
a  cover,  luted  with  a  pafte  made  of  Windfor-loam  and  wa- 
ter :  fet  your  crucible  thus  charged  in  a  furnace,  whofe  fire- 
place is  deep  enough  to  let  it  be  entirely  furrounded  with 
coals,  quite  up  to  its  mouth.  Light  fome  coals  in  the  fur- 
nace, taking  care  not  to  make  the  fire  very  briik  at  firft;  in- 
creafe  it  by  degrees,  but  only  fo  far  as  to  make  the  crucible 
moderately  red;  keep  up  the  fire  in  this  degree  for  eighteen 
or  twenty  hours  :  then  let  the  fire  go  out ;  open  the  crucible 
when  it  is  cold,  and  feparate  the  cement  from  your  plates  of 
Gold.  Boil  the  Gold  repeatedly  in  fair  water,  till  the  water 
come  off  quite  infipid. 

0  B  S  E  R  V  A  T  I  0  N  S. 

It  cannot  but  feem  ftrange,   that,  after  having  fo  often 
declared  the  Acid  of  Sea-fak  to  be  incapable  of  diflclvin^ 

Silver, 
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*Silver,  we  fliould  direct  either  Nitre  or  Sea-falt  indifferently 
to  be  employed  in  compofing  a  cement,  which  is  to  produce 
an  Acid  capable  of  eating  out  all  the  Silver  mixed  with  Gold. 
It  is  eafy  to  conceive  how  the  Nitrous  Acid  extricated  from 
its  bafis  by  means  of  the  Vitriolic  Acid  may  produce  this  ef- 
fect :  but  if  Sea-falt  infread  of  Nitre  be  made  an  ingredient 
in  the  cement,  its  Acid,  though  fet  at  liberty  in  the  fame 
manner  by  the  Vitriolic  Acid,  mult  at  firft  fight  appear  un- 
able to  anfwer  the  end. 

In  order  to  remove  this  difficulty,  we  muft  here  obferve, 
that  there  are  two  very  effential  differences  between  the  Ma- 
rine Acid  collected  in  a  liquor,  as  it  is  when  diftilled  in  the 
ufual  manner,  and  the  fame  Acid  feparated  from  its  bafis  in 
a  crucible,  as  it  is  in  cementation. 

The  firft  of  thefe  two  differences  is,  that  the  Acid  being 
reduced  into  vapours  when  it  acts  on  the  Silver  in  cementa- 
tion, its  activity  is  thereby  greatly  increafed :  the  fecond  is, 
that  in  the  crucible  it  fuftains  a  vaftly  greater  degree  of  heat 
than  it  can  ever  bear  when  it  is  in  the  form  of  a  liquor. 
For,  after  it  is  once  diftilled  and  feparated  from  its  bafis,  it 
cannot  fuftain  any  extraordinary  degree  of  heat  without  being 
volatilized  and  entirely  diffipated :  whereas,  while  it  continues 
united  with  its  bafis,  it  is  much  more  fixed,  and  cannot  be 
feparated  but  by  a  very  intenfe  heat.  Confequently,  if  it 
meet  with  any  body  to  diffolve,  at  the  very  inftant  of  its  fe^ 
paration  from  its  bafis,  while  it  is  actuated  by  a  much  fiercer 
heat  than  can  ever  be  applied  to  it  on  any  other  occafion,  it 
muft  operate  upon  that  body  with  fo  much  the  more  efficacy: 
and  thus  it  comes  to  pafs,  that  in  cementation  it  has  the 
power  of  difiblving  Silver,  which  it  would  be  incapable  of 
touching  if  it  were  not  fo  circumftanced. 

But  herein  Gold  differs  from  Silver:  for,  whatever  force 
the  Nitrous  or  the  Marine  Acid  may  exert,  when  extricated 
from  their  bafes  in  the  cementing  crucible,  this  metal  obfti- 
nately  refufes  to  yield  to  either  of  thofe  Acids  feparately,  and 
can  never  be  diffolved  by  them,  unlefs  both  be  united  toge- 
ther. 

Our  cementation,  therefore,  is  actually  a  parting  procefs 
in  the  dry  way.  The  Silver  is  diffolved,  and  the  Gold  re- 
mains unaltered.  Nay,  as  the  action  of  the  Acids  is  much 
ftronger  when  they  are  applied  this  way,  than  when  they  are 
ufed  for  diffolution  in  the  moid  way,  the  Nitrous  Acid, 
which  in  the  common  parting  procefs  will  not  diffolve  Silver 
milefs  its  weight  be  double  that  of  the  Gold,  is  able  in  ce- 
K  k  2  mentation 
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mentation  to  diffolve  a  very  fmall  quantity  of  Silver  diffufed 
through  a  large  quantity  of  Gold. 

It  fometimes  happens,  that  after  the  operation  the  cement 
proves  extremely  hard,  fo  that  it  is  very  troublefome  to  fepa- 
rate  it  entirely  from  the  Gold.  In  this  cafe  it  muft  be  foft- 
ened  by  moiftening  it  with  hot  water.  This  hardnefs  which 
the  cement  acquires  is  occafioned  by  the  fufiqn  of  the  Salts, 
.which  is  the  efTecl:  of  too  ftrong  a  heat.  It  was  in  order  to 
prevent  this,  and  that  a  due  degree  of  heat  might  be  applied, 
without  the  danger  of  melting  the  falts,  that  we  directed 
the  cement  tc  be  mixed  with  a  conhderable  quantity  of 
earthy  matter  incapable  of  fufion,  fuch  as  brick- dull.  .  A 
greater  inconvenience  will  enfue,  if  the  fire  be  made  fo  flreng 
as  to  melt  the  Gold  :  for  then  it  will  partly  commix  again 
with  the  other  metalline  fuhftances  difiblved  by  the  cement, 
and  confequently  will  not  be  purified. 

The  crucible  is  covered,  and  its  cover  luted  on,  to  prevent 
the  acid  vapours  from  being  too  foon  diffipated,  and  to  force 
them  to  circulate  the  longer  in  the  crucible.  However,  it  is 
neceflary  that  thofe  vapours  fhould  find  a  vent  at  laft,  other- 
wife  they  would  burft  the  vcfTel :  and  for  this  reafon  we  di- 
rected the  crucible  to  be  luted  only  with  Windfor-loam, 
which  does  not  grow  very  hard  by  the  action  of  fire,  and  fo 
is  capable  of  yielding  and  giving  pafFage  to  the  vapours, 
when  a  certain  quantity  of  them  is  collected  in  the  crucible, 
and  they  begin  to  ftruggle  for  an  efcape  on  every  fide. 

When  the  operation  is  finifhed,  the  Silver  difiblved  by  the 
Acid  of  the  cement  is  partly  diftributed  through  the  cement,, 
and  partly  in  the  Gold  itielf,  which  is  impregnated  there- 
with. For  this^realbn  the  Gold  muft  be  warned  feveral  times 
in  boiling  water,  till  the  water  become  abfolutely  iniipid  : 
for,  if  the  Gold  be  melted  without  this  precaution,  it  will 
mix  again  with  the  Silver:  the  cement  alfo  may  be  wafhed 
in  the  fame  manner  to  recover  the  Silver  it  contains. 

Though  this  cementation  be,  properly  fpeaking,  a  purifi- 
cation of  G'old,  yet  we  have  placed"  it  among  the  procefles 
on  Silver,  becaufe  it  is  the  Silver  that  is  difTolved  on  this  oc- 
cafion,  and  becaufe  this  is  a  particular  way  of  diflblving  that 
metal.  Moreover,  molt  of  the  procefies  hitherto  delivered, 
either  on  Gold  or  Silver,  are  equally  applicable  to  both  thefe 
metals. 

If  the  Gold  do  not  appear  quite  pure  after  the  cementa- 
tion, the  procefs  muft  be  repeated. 

There  are  feveral  ways  to  know  the  finenefs  of  Gold,  the 
quantity  of  Silver  with  which  it  is  alloyed,  and  the  propor- 
tion 
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tion  in  which  thefe  two  metals  are  mixed  in  a  mafs  purified 
by  the  cupel. 

One  of  the  fimpleft  is  the  trial  by  the  Touch-ftone;  which 
indeed  is  hardly  any  more  than  judging  by  the  eye  only, 
from  the  colour  of  the  compound  metal,  what  proportion  of 
Gold  and  Silver  it  contains. 

The  Touch-ftone  is  a  fort  of  black  marble,  whofe  furface 
ought  to  be  half  polifhed.  If  the  metalline  mafs  which  you 
want  to  try  be  rubbed  on  this  flone,  it  leaves  thereon  a  thin 
coat  of  metal,  the  colour  of  which  may  be  eafily  obferved. 
Such  as  are  accuftomed  to  fee  and  handle  Gold  and  Silver 
can  at  once  judge  very  nearly  from  this  famplc  in  what  pro- 
portion the  two  metals  are  combined  :.  but,  for  greater  accu- 
racy, thofe  who  are  in  the  way  of  having  frequent  oecafion 
for  this  trial  are  provided  with  a  fufficient  number  of  fmall 
bars  or  needles,  of  which  one  is  pure  Gold,  another  pure 
Silver,  and  all  the  reft  con  (id  of  thefe  two  metals  mixed  to- 
gether in  different  proportions,  varied  by  carats,  or  even  by 
fractions  of  carats,  if  greater  exaclnefs  be  required. 

The  finenefs  of  each  needle  being  marked  on  it,  that  needle 
whofe  colour  feems  to  come  neareft  the  colour  of  the  metalline 
flreak  on  the  Touch-done,  is  rubbed  on  the  ftone  by  the  fide 
of  that  flreak.  This  needle  likewife  leaves  a  mark;  and  if 
there  appear  to  be  no  difference  between  the  two  metalline 
ftreaks,  the  metalline  mafs  is  judged  to  be  of  the  fame  fine- 
nefs as  the  needle  thus  compared  with  it.  If  the  eye  dis- 
covers a  fenfible  difference,  another  needle  is  fought  for 
whofe  colour  may  come  nearer  to  that  of  the  metal  to  be 
tried.  But  though  a  man  be  ever  fo  well  verfed  in  judging 
thus  of  the  finenefs  of  Gold  by  the  eye  only,  he  can  never 
be  perfectly  and  accurately  fure  of  it  by  this  means  alone. 
If  fuch  certainty  be  required,  recourfe  mult  be  had  to  the 
parting  affay  ;  and  yet  when  you  have  gone  through  it,  there 
always  remains  a  fmall  quantity  of  the  metal,  which  mould 
have  been  dinolved,  and  yet  efcaped  the  action  of  the  folvenr. 
For  example,  if  you  make  ufe  of  aqua  regis,  the  Silver  that 
remains  after  the  operation  ftill  contains  a  little  Gold  ;  and, 
if  you  make  ufe  ^aquafortis,  the  Gold  that  remains  after 
the  operation  ftill  contains  a  little  Silver.  And  therefore  if 
you  refolve  to  carry  the  feparation  of  thefe  two  metals  ftill 
further  by  folvents,  it  will  be  neceffary,  after  you  have  gone 
through  one  parting  procefs,  to  perform  a  fecond  the  contra- 
ry way.  For  example,  if  you  begin  with  aquafortis,  then, 
after  it  has  d'.ffolved  all  the  Silver  in  the  metalline  mafs  that 
it  is  capable  of  taking  up,  diffolve  the  remaining  Gold  in 

aqua 
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aqua  regis;  by  which  means  you  will  feparate  the  fmall 
portion  of  Silver  left  in  it  by  the  aquafortis.  The  contrary 
is  to  be  done  if  you  made  ufe  of  aqua  regis  firft. 


CHAP.      III.       . 

Of    Copper. 

PROCESS    I. 

To  feparate  Copper  from  its  Ore. 

BEAT  your  Copper  ore  to  a  fine  powder,  having  firft 
freed  it  as  accurately  as  pouTble,  by  wafting  and  read- 
ing, from  all  flony,  earthy,  fulphureous,  and  arfenical  parts. 
Mix  your  ore  thus  pulverized  with  thrice  its  weight  of  the 
black  flux ;  put  the  mixture  into  a  crucible ;  cover  it  with 
common  fait  to  the  thicknefs  of  half  an  inch,  and  prefs  the 
whole  down  with  your  finger.  With  all  this  the  crucible 
mult  be  but  half  full.  Set  it  in  a  melting  furnace ;  kindle 
the  fire  by  degrees,  and  raife  it  infenfibly  till  you  hear  the 
Sea  fait  crackle.  When  the  decrepitation  is  over,  make  the 
crucible  moderately  red-hot  for  half  a  quarter  of  an  hour. 
Then  give  a  confiderable  degree  of  heat,  exciting  the  fire 
with  a  pair  of  good  perpetual  bellows,  fo  that  the  crucible 
may  become  very  red-hot,  and  be  perfectly  ignited.  Keep 
the  fire  up  to  this  degree  for  about  a  quarter  of  an  hour ; 
then  take  out  the  crucible,  and  with  a  hammer  flrike  a  few 
blows  on  the  floor  whereon  you  fet  it.  Break  it  when  cold. 
If  the  operation  hath  been  rightly  and  fuccefsfully  perform- 
ed, you  will  find  at  the  bottom  of  the  veflel  a  hard  Kegu- 
lus,  of  a  bright  yellow  colour,  and  femi-malleable;  and 
over  it  a  fcoria  of  a  yellowifh  brown  colour,  hard  and  min- 
ing, from  which  you  may  feparate  the  Regulus  with  a 
hammer. 

OBSERVATIONS. 

Copper  in  the  ore  is  often  blended  with  feveral  other 
metallic  fubftances,  and  with  volatile  minerals,  fuch  as  Sul- 
phur and  Arfenic.     Copper  ores  alfo  frequently  participate 

of 
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of  the  nature  of  the  pyrites,  containing  a  martial  and  an  un- 
metallic  earth,  both  of  which  are  entirely  refractory,  and 
hinder  the  ore  from  melting.  In  this  cafe  you  muft  add 
equal  parts  of  a  very  fufile  glafs,  a  little  borax,  and  four 
parts  of  the  black  flux,  to  facilitate  the  fufion.  The  black 
flux  is  moreover  neceflary  to  furnifh  the  Copper  with  the 
Phlogifton  it  wants,  or  reftore  fo  much  thereof  as  it  may 
lofe  in  melting.  For  the  fame  reafon,  when  any  ore,  but 
that  of  Gold  or  Silver,  is  to  be  fmelted,  it  is  a  general  rule 
to  add  fome  black  flux,  or  other  matter  abounding  with  Phlo- 
gifton. 

The  Regulus  produced  by  this  operation  is  not  malleable, 
becaufe  it  is  not  pure  Copper,  but  a  mixture  of  Copper  with 
all  the  other  metallic  fubftances  that  were  in  the  ore  ;  except 
fuch  as  were  feparated  from  it  by  roafting,  of  which  it  con- 
tains but  little. 

According  to  the  nature  of  the  metallic  matters  that  re- 
main combined  with  the  Copper  after  this  fufion,  the  colour 
of  the  Regulus  is  either  like  that  of  pure  Copper,  or  a  little 
more  whitifh :  it  is  alfo  frequently  blackifh,  which  has  pro- 
cured it  the  name  of  Black  Copper.  In  this  ftate,  and  even 
in  general,  it  is  ufual  enough  to  call  this  Regulus  by  the 
name  of  Black  Copper,  when  alloyed  with  other  metallic 
fubftances  that  render  it  unmalleable,  whatever  its  colour 
be. 

Hence  it  appears  that  there  may  be  feveral  different  forts 
of  Black  Copper.  Iron,  Lead,  Tin,  Bifmuth,  and  the  re- 
gulme  part  of  Antimony,  are  almoft  always  combined  with 
the  ores  of  Copper,  in  a  multitude  of  different  proportions ; 
and  all  thefe  fubftances,  being  reduced  by  the  black  flux  in 
the  operation,  mix  and  precipitate  with  the  Copper.  If  the 
ore  contain  any  Gold  or  Silver,  as  is  pretty  often  the  cafe, 
thefe  two  metals  alfo  are  confounded  with  the  reft  in  the  pre- 
cipitation, and  become  part  of  the  Black  Copper. 

Pyritofe,  fulphureous,  and  arfenical  Copper  ores  may  be 
fufed,  in  order  to  get  rid  of  the  groffer  heterogeneous  parts, 
without  previoufly  roafting  them :  but  in  this  cafe  no  alkaline 
f!ux  muft  be  mixed  with  the  ore;  becaufe  the  Alkali  in  com- 
bination with  the  Sulphur  would  produce  a  Liver  of  Sulphur,, 
and  lb  diffolve  the  metalline  part ;  by  which  means  all  would 
be  confounded  together,  and  no  Regulus,  or  very  little,  be 
precipitated.  On  this  occafion  therefore  nothing  muft  be 
added  to  promote  the  fufion,  but  fome  tender  fufile  glafs, 
together  with  a  fmall  quantity  of  borax. 

This 
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This  fir  ft  fufion  may  alio  be  performed  amidft  the  coals, 
by  cafling  the  ore  upon  them  in  the  furnace,  without  ufmg  a 
crucible;  and  then  an  earthen  veffel,  thoroughly  heated,  or 
even  made  red-hot,  mud  be  placed  under  the  grate  of  the 
fire-place,  to  receive  the  metal  as  it  runs  from  the  ore. 

The  Regulus  obtained  by  this  means  is  much  more  impure 
and  brittle  than  Black  Copper,  bccaufe  it  contains  moreover 
a  large  quantity  of  Sulphur  and  Arfenic;  as  thefe  volatile 
fubftances  have  not  time  to  evaporate  during  the  ihort  fpace 
requifneto  melt  the  ore,  and  as  they  cannot  be  carried  off 
by  the  a£tion  of  the  fire  after  the  ore  is  once  melted,  what- 
ever time  be  allowed  for  that  purpofe.  However,  forne  part 
thereof  is  diffipated;  and  the  Iron  which  is  in  pyritoie  ores, 
having  a  much  greater  affinity  than  Copper,  and  indeed 
than  any  other  metallic  fubftance,  with  Sulphur  and  Arfe- 
nic,  abibrbs  another  part  thereof,  and  feparates  it  from  the 
Regulus. 

This  Regulus,  it  is  plain,  ftill  contains  all  the  fame  parts 
that  were  in  the  ore,  but  in  different  proportions ;  there  be- 
ing more  Copper,  combined  with  lefs  Sulphur,  Arfenic,  and 
unmetallic  earth,  which  have  been  either  diffipated  or  turned 
to  flag.  Therefore,  if  you  would  make  it  like  Black  Copper, 
you  mud  pound  it,  roafl  it  over  and  over,  to  free  it  from 
its  Sulphur  and  Arfenic,  and  then  melt  it  with  the  black 
flux. 

If  this  Regulus  contain  much  Iron,  it  will  be  advifeable 
to  melt  it  once  or  twice  more,  before  all  the  Sulphur  and 
Arfenic  are  feparated  from  it  by  roafting  ;  for  as  the  Iron, 
by  uniting  with  thefe  volatile  fubftanees,  feparates  them  from 
the  Copper,  with  which  they  have  not. fo  great  an  affinity; 
fo  alfo  the  Sulphur  and  Arfenic,  by  uniting  with  the  Iron, 
help  in  their  turn  to  feparate  it  from  the  Copper. 


PROCESS     II. 

To  purify  Black  Copper,  and  render  it  malleable. 

BREAK  into  fmall  bits  the  Black  Copper  you.  intend  to 
purify ;  mix  therewith  a  third  part  in  weight  of  granu- 
lated Lead,  and  put  the  whole  into  a  cupel  let  under  the 
muffle  in  a  cupelling  furnace,  and  previouily  heated  quite 
red.  As  foon  as  the  metals  are  in  the  cupel  raife  the  fire 
confiderably,  making  ufe,  if  it  be  needful,  of  a  pair  of  per- 
petual bellows,  to  melt  the  Copper  fpeedily.  When  it  is 
i  thoroughly 
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thoroughly  melted,  lower  the  fire  a  little,  and  continue  it 
jufl  high  enough  to  keep  the  metalline  mafs  in  perfect  fulion. 
The  melted  matter  will  then  boil,  and  throw  up  fomefcoriie, 
which  will  be  abibrbed  by  the  cupel. 

When  mod  of  the  Lead  is  confumed,  raife  the  fire  again, 
till  the  face  of  the  Copper  become  bright  and  mining,  there- 
by fhewing  that  all  its  alloy  is  feparated.  As  foon  as  your 
Copper  comes  to  this  /late,  cover  it  with  charcoal -dull  con- 
veyed into  the  cupel  with  an  iron  ladle :  then  take  the  cupel 
«ut  of  the  furnace  and  let  it  cool. 

OBSERVATIONS. 

Of  all  the  metals,  next  to  Gold  and  Silver,  Copper  bears 
fulion  the  iongeft  without  lofing  its  phlogiflon  %  and  on  this 
property  is  founded  the  procefs  here  delivered  for  purifying 
it. 

It  is  neceffary  the  Copper  mould  melt  as  foon  as  it  is  in 
the  cupel,  becaufe  its  nature  is  to  calcine  much  more  eafily 
ana  much  fooner,  when  it  is  only  red-hot,  than  when  it  is 
in  fr.ilon.  For  this  reafon  the  fire  is  to  be  eonfiderably  rail- 
ed, immediately  on  putting  the  Copper  under  the  mufrle# 
that  it  may  melt  as  foon  as  poflible.  Yet  too  violent  a  de- 
gree of  fire  muit  not  be  applied  to  it :  for  when  it  is  expofed 
to  fuch  a  degree  of  heat  only  as  is  but  juft  necefTary  to  keep 
it  in  fufion,  it  is  then  in  the  mod  favourable  condition  for 
lofing  as  little  as  may  be  of  its  phlogiflon;  and  if  the  heat 
be  ftronger,  a  greater  quantity  thereof  will  be  calcined.  As 
foon  therefore  as  it  flows  it  is  proper  to  weaken  the  fire,  and 
reduce  it  to  the  degree  juft  requifite  to  keep  up  the  fufion. 

The  Lead  added  on  this  occafion  is  intended  to  facilitate 
and  expedite  the  fcorification  of  the  metallic  fubftances  com- 
bined with  the  Copper.  So  that  the  event  is  here  nearly  the 
fame  as  when  Gold  or  Silver  is  refined  on  the  cupel.  The 
only  difference  between  this  refining  of  Copper,  and  that  of 
the  perfect  metals,  is  that  the  latter  as  hath  been  fhewn,  ab- 
solutely refill  the  force  of  fire  and  the  action  of  Lead,  with- 
out futtering  the  leaft  alteration;  whereas  a  good  deal  of 
Copper  is  calcined  and  deftroyed,  when  it  is  purified  in  this 
manner  on  the  cupel.  Indeed  it  would  be  wholly  deftroyed, 
if  a  greater  quantity  of  Lead  were  added,  or  if  it  were  left 
too  long  in  the  furnace.  It  is  with  a  view  to  fave  as  much 
of  it  as  poflible  that  we  order  it  to  be  covered  with  charcoal- 
diift  as  foon  as  the  fcorification  is  fmifhed. 

LI  The 
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The  Lead  ferves  moreover  to  free  the  Copper  expeditioufly 
from  the  Iron  with  which  it  may  be  alloyed.  Iron  and  Lead 
are  incapable  of  contracting  any  union  together:  fo  that  as 
faft  as  the  Lead  unites  with  the  Copper,  it  feparates  the  Iron, 
and  excludes  it  out  of  the  mixture.  For  the  fame  reafon  if 
Iron  were  combined  in  a  large  proportion  with  Copper,  it 
would  prevent  the  Lead  from  entering  into  the  compofition. 
Now,  as  it  is  neceflary  to  give  the  more  heat,  and  to  keep 
the  Copper  to  be  incorporated  with  Lead  the  longer  in  fu- 
sion, as  that  Copper  is  alloyed  with  a  greater  proportion  of 
Iron,  fome  black  flux  mult  be  added  on  this  occafion,  to 
prevent  the  Copper  and  the  Lead  from  being  calcined  before 
their  aflbciation  can  be  effected. 

Copper  purified  in  the  manner  here  directed  is  beautiful 
and  malleable.  It  is  now  alloyed  with  no  other  metalline 
fubftance  but  Gold  or  Silver,  if  there  were  any  in  the  mixed 
mafs.  If  you  defire  to  extract  this  Gold  or  Silver,  recourfe 
muft  be  bad  to  the  operation  of  the  cupel.  The  procefs 
here  given  for  purifying  Copper  is  not  ufed  in  large  works, 
becaufe  it  woulcf  be  much  too  chargeable.  In  order  to  puri- 
fy their  Black  Copper,  and  render  it  malleable,  the  fmelters 
content  themfelves  with  reading  it,  and  melting  it  repeated- 
ly, that  the  metallic  fubltances,  which  are  not  fo  fixed  as 
Copper,  may  be  difiipated  by  fublimation,  and  the  reft  fcori- 
fied  by  fufion. 


PROCESS     III. 

To  deprive  Copper  of  its  Phlogifton  by  calcination. 

PUT  your  Copper  in  filings  into  a  teft,  and  fet  it  under 
the  muffle  of  a  cupelling  furnace-,  light  the  fire,  and  keep 
up  fuch  a  degree  of  heat  as  may  make  the  whole  quite  red, 
but  not  enough  to  melt  the  Copper.  The  furface  of  the 
Copper  will  gradually  lofe  its  metalline  fplendour,  and  put 
on  the  appearance  of  a  reddifh  earth.  From  time  to  time 
ftir  the  filings  with  a  little  rod  of  copper  or  iron,  and  leava 
your  metal  expofed  to  the  fame  degree  of  fire  till  it  be  entire- 
ly calcined. 

OBSERVATIONS. 

In  our  obfervations  on  the  preceding  procefs  we  took  no- 
tice that  Copper,  in  fufion,   calcines  more  llowly,    and  lefs 

eafily, 
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eafily,  than  when  it  is  expofed  to  a  degree  of  fire  barely  fuf- 
ficient  to  keep  it  red-hot,  without  melting  it;  and  therefore, 
the  defign  here  being  to  calcine  it,  we  have  directed  that  de- 
gree of  heat  only  to  be  applied. 

The  cupelling  furnace  is  the  fitteft  for  this  operation,  be- 
caufe  the  muffle  is  capable  of  receiving  fuch  a  flat  veflel  as 
ought  to  be  ufed  on  this  occafion,  and  communicating  to  it 
a  great  deal  of  heac;  while,  at  the  fame  time,  it  prevents 
the  falling  in  of  any  coals,  which,  by  furniihing  the  Copper 
with  freih  phlogiflon,  would  greatly  prejudice  and  protract 
the  operation. 

As  Copper  calcines  with  great  difficulty,  this  operation  is 
extremely  tedious :  nay,  though  Copper  hath  flood  thus  ex- 
pofed to  the  fire  for  feveral  days  and  nights,  and  feems  per- 
fectly calcined,  yet  it  frequently  happens  that,  when  you 
try  afterwards  to  melt  it,  fome  of  it  refumes  the  form  of 
Copper :  a  proof  that  all  the  Copper  had  not  loft  its  phlogi- 
flon. Copper  is  much  more  expeditioufly  deprived  of  its 
phlogiflon  by  calcining  it  in  a  crucible  with  Nitre. 

The  calx  of  Copper  perfectly  calcined  is  with  great  diffi- 
culty brought  to  fufion  :  yet,  in  the  focus  of  a  large  burn- 
ing-glafs,  it  melts  and  turns  to  a  reddifh  and  almoil  opaque 
glafs. 

By  the  procefs  here  delivered,  you  may  likewife  calcine 
all  other  metalline  fubftances,  which  do  not  melt  till  they 
are  thoroughly  red-hot.  As  to  thofe  which  melt  before  they 
grow  red,  they  are  eafily  enough  calcined,  even  while  they 
are  in  fufion. 


PROCESS    IV. 

To  refufcitate  the  Calx  of  Copper,  and  reduce  it  to  Copper^ 
by  rejioring  its  Phlogiflon. 

MIX  the  Calx  of  Copper  with  thrice  as  much  of  the 
black  flux ;  put  the  mixture  into  a  good  crucible,  fo 
as  to  fill  two  thirds  thereof,  and  over  it  put  a  layer  of  Sea- 
falt  a  finger  thick.  Cover  the  crucible,  and  fet  it  in  a  melt- 
ing furnace;  heat  it  gradually,  and  keep  it  moderately  red 
till  the  decrepitation  of  the  Sea-falt  be  over.  Then  raife  the 
fire  confiderably  by  means  of  a  good  pair  of  perpetual  bel- 
lows ;  fatisfy  youtfelf  that  the  matter  is  in  perfect  fufion,  by 
dipping  into  the  crucible  an  iron  wire;  continue  the  lire  in 
this  degree  for  half  a  quarter  of  an  hour.     When  the  cruci- 
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ble  is  cold,  you  will  find  at  its  bottom  a  button  of  very  fine 
Copper,  which  will  eafily  feparate  from  the  faline  fcaria  at 
top. 

OBSERVATIONS. 

What  hath  been  faid  before  on  the  fmelting  of  Copper 
ores  may  be  applied  to-  this  procefs,  as  being  the  very  fame. 
The  obfervations  there  added  fhould  therefore  be  confulted 
on  this  occafion. 


PROCESS    V. 

To  dijfohe  Capper  in  the  Mineral  Acids. 

ON  a  fand-bath,  in  a  very  gentle  heat,  fet  a  matrafs  con- 
taining fome  Copper  filings  •,  pour  on  them  twice  their 
weight  of  Oil  of  Vitriol.  That  Acid  will  prefentty  attack 
the  Copper.  Vapours  will  rife,  and  iffue  out  of  the  neck  of 
the  matrafs.  A  vaft  number  of  bubbles  will  afcend  from 
the  furface  of  the  metal  to  the  top  of  the  liquor,  and  the  li- 
quor will  acquire  a  beautiful  "blue  colour.  When  the  Cop- 
per is  diflblved,  put  in  a  little  and  a  little  more,  till  you  per- 
ceive the  Acid  no  longer  a£b  upon  it.  Then  decant  the  li- 
quor, and  let  it  fland  quiet  in  a  cool  place.  In  a  fhort  time 
great  numbers  of  beautiful  blue  cryftals  will  fhoot  in  it. 
Thefe  cryftals  are  called  Vitriol  of  Coppery  or  Blue  VitrioL 
They  diflblve  eafily  in  water. 

OBSERVATIONS. 

The  Vitriolic  Acid  perfectly  diflblves  Copper,  which 
is  alfo  foluble  in  all  the  Acids,  and  even  in  many  other  men- 
ftruums. 

This  Acid  may  be  feparated  from  the  Copper  which  it 
hath  diffolved  by  diftillation  only  :  but  the  operation  requires 
a  fire  of  the  utmofl  violence.  The  Copper  remaining  after 
it  mud  be  fufed  with  the  black  flux,  to  make  it  appear  in  its 
natural  form  ;  not  only  becaufe  it  ftill  retains  a  portion  of 
the  Acid,  but  alfo  becaufe  it  hath  loft  part  of  its  phlogi- 
fton  by  being  difiblyed  therein.  The  black  flux  is  very 
well  adapted  both  to  abforb  the  Acid  that  remains  united 
with  the  Copper,  and  to  reftore  the  phlogiilon  which  the 
metal  hath  loft. 

The 
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The  mod  ufual  method  of  feparating  Copper  from  the 
Vitriolic  Acid  is  by  preferring  to  that  Acid  a  metal  with 
which  it  hath  a  greater  affinity  than  with  Copper.  Iron  be- 
ing fo  qualified  is  confequently  very  fit  to  bring  about  this 
feparation.  When  therefore  plates  of  Iron  well  cleaned  are 
laid  in  a  folution  of  Blue  Vitriol,  the  Acid  foon  begins  to 
a£t  upon  them,  and  by  degrees,  as  it  diifolves  them,  depo- 
fites  on  their  furfaces  a  quantity  of  Copper  in  proportion  to 
the  quantity  of  Iron  it  takes  up.  The  Copper  thus  precipi- 
tated hath  the  appearance  of  fmall  leaves  or  fcales,  exceeding 
thin,  and  of  a  beautiful  copper-colour.  Care  mud  be  ta- 
ken to  fhake  the  Iron-plates  now  and  then,  to  make  the 
fcales  of  Copper  fall  off,  which  will  othcrwife  cover  them 
entirely,  hinder  the  Vitriolic  Acid  from  attacking  the  Iron, 
and  fo  put  a  flop  to  the  precipitation  of  the  remaining  Cop- 
per. 

When  thefe  fcales  cf  Copper  ceafe  to  fettle  on  the  clean 
Iron  plates,  you  may  be  fure  ali  the  Copper  that  was  in  the 
liquor  is  precipitated,  and  that  this  liquor,  which  was  a  fo- 
lution of  Copper  before  the  precipitation,  is  a  folution  of 
Iron  after  it.  So  that  here  two  operations  are  performed  at 
one  and  the  fame  time ;  to  wit,  the  precipitation  of  the  Cop- 
per, and  the  difTolution  of  the  Iron. 

The  Copper  thus  precipitated  requires  only  to  be  feparated 
from  the  liquor  by  filtration,  and  melted  with  a  little  black 
flux,  to  become  very  fine  malleable  Copper. 

The  Copper  may  alfo  be  precipitated  out  of  a  folution  of 
Blue  Vitriol  by  the  interpofition  of  a  Fixed  Alkali.  This 
precipitate  is  oi  a  greenifn  blue  colour,  and  requires  a  much 
greater  quantity  of  the  black  flux  to  reduce  it. 

Copper  diflblves  in  the  Nitrous  Acid,  in  the  Marine  Acid, 
and  in  Aqua  regis ;  from  all  of  which  it  may  be  feparated  by 
the  fame  methods  as  are  here  ordered  with  regard  to  the  Vi- 
triolic Acid. 
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CHAP.       IV. 
Of  Iron. 


PROCESS     I. 

To  feparate  Iron  from  its  Ore. 

POUND  into  a  coarfe  powder  the  martial  (tones  or  earths 
out  of  which  you  defign  to  extract  the  Iron  :  roaft  this 
powder  in  a  teft  under  the  muffle  for  fome  minutes,  and  let 
your  fire  be  briik.  Then  let  it  cool,  beat  it  very  fine,  and 
roaft  it  a  fecond  time,  keeping  it  under  the  muffle  till  it  emit 
no  more  fmeli. 

Then  mix  with  this  powder  a  flux  compofed  of  three  parts 
of  Nitre  fixed  with  Tartar,  one  part  of  fufile  glafs,  and  half 
a  part  of  Borax  and  charcoaNduft.  The  dofe  of  this  redu- 
cing flux  muft  be  thrice  the  weight  of  the  ore. 

Put  this  mixture  into  a  good  crucible ;  cover  it  with  about 
half  a  finger  thick  of  Sea-falt ;  over  the  crucible  put  its  co- 
ver, and  lute  it  on  with  Windfor-loam  made  into  a 
parte  with  water.  Having  thus  prepared  your  crucible,  fet 
it  in  a  melting  furnace,  which  you  muft  fill  up  with  char- 
coal. Light  the  fire,  and  let  it  kindle  by  gentle  degrees,  till 
the  crucible  become  red-hot.  When  the  decrepitation  of 
the  Sea-falt  is  over,  raife  your  fire  to  the  higheft  by  the  blaft 
of  a  pair  of  perpetual  bellows,  or  rather  feveral.  Keep  up 
this  jntenfe  degree  of  heat  for  three  quarters  of  an  hour,  or 
an  whole  hour,  taking  care  that  during  all  this  time  the  fur<- 
nace  be  kept  conftantly  filling  up  with  frefh  coals  as  the  for- 
mer confume.  Then  take  your  crucible  out  of  the  furnace; 
itrike  the  pavement  on  which  you  fet  it  feveral  times  with  a 
hammer,  and  let  it  ftand  to  cool:  break  it,  and  you  will  find 
therein  a  Regulus  of  Iron  covered  with  flag, 

OBSERVATIONS. 

Iron  ore,  like  all  others,  requires  reading,  to  feparate, 
from  it,  as  much  as  pofiible,  the  volatile  minerals,  Sulphur 
a.pd  Arfenic,  which  being  mixed  with  the  Iron  would  render 

it 
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it  unmalleable.  Indeed  it  is  fo  much  the  more  neceflary  to 
roaft  thefe  ores,  as  Iron  is,  of  all  metallic  fubftances,  that 
which  has  the  greateft  affinity  with  thofe  volatile  minerals  5 
on  which  account  no  metallic  fubftance  whatever  is  capable 
of  feparating  it  from  them  by  fufion  and  precipitation. 

Fixed  Alkalis,  it  is  true,  have  a  greater  affinity  than  Iron 
with  Sulphur;  but  then  the  compofition  which  a  Fixed  Al- 
kali forms  with  Sulphur  is  capable  of  difibluing  all  metals* 
Confequently>  if  you  do  not  diffipate  the  Sulphur  by  read- 
ing, but  attempt  to  feparate  it  from  the  Iron  by  melting  the 
ore  with  a  Fixed  Alkali,  the  Liver  of  Sulphur  formed  in  the 
operation  will  diflblve  the  martial  part;  fo  that  after  the  fu- 
fion you  will  find  little  or  no  F^egulus. 

All  Iron  ores  in  general  are  refractory,  and  lefs  fufible 
than  any  other ;  for  which  reafon  a  much  greater  proportion 
of  flux,  and  a  much  more  violent  degree  of  fire,  is  required 
to  fmelt  them.  One  principal  caufe  why  thefe  ores  are  fa 
refractory  is  the  property  which  Iron  itfelf  has  of  being  ex- 
tremely difficult  to  fufe,  and  of  refilling  the  action  of  the 
fire  fo  much  the  more  as  it  is  purer,  and  further  removed 
from  its  mineral  ftate.  Among  all  the  metallic  fubftances  it 
is  the  only  one  that  is  lefs  fufible  when  combined  with 
that  portion  of  phlogifton  which  gives  it  the  metalline 
form,  than  when  it  is  deprived  thereof,  and  in  the  form  of 
a  calx. 

In  fmelting-houfes  Iron  ore  is  fufed  amidft  charcoal,  the 
phlogifton  of  which  combines  with  the  martial  earth,  and 
gives  it  the  metalline  form.  The  Iron  thus  melted  runs 
down  to  the  bottom  of  the  furnace,  from  whence  it  is  let 
out  into  large  moulds,  in  which  it  takes  the  fhape  of  oblong 
blocks,  called  Pigs  of  Iron.  This  Iron  is  ftill  very  impure, 
and  quite  unmalleable.  Its  want  of  ductility  after  the  firlfc 
melting  arifes  partly  from  hence,  that,  notwithstanding  the 
previous  reading  which  the  ore  underwent,  there  ftill  re- 
mains, after  this  firft  fuiion,  a  confiderabie  quantity  of  Sul- 
phur or  Arfenic  combined  with  the  metal. 

A  certain  quantity  of  quick-lime,  or  of  ftones  that  will 
burn  to  lime,  is  frequently  mixed  with  Iron  ore  on  putting 
it  into  the  fmelting  furnace.  The  lime  being  an  abforbent 
earth,  very  apt  to  unite  with  Sulphur  and  Arfenic,  is  of  ufe 
to  feparate  thofe  minerals  from  the  Iron. 

It  is  alfo  of  ufe  to  mix  fome  fuch  matters  with  the  ore,, 
when  the  ftones  or  earths  which  naturally  accompany  it  are 
Very  fufible;  for,  as  the  Iron  is  of  difficult  fufion,  it  may 
happen  that  the  earthy  matters   mixed  with  the  Iron   fhafi 

melt. 
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melt  as  eafily  as  the  metal,  or  perhaps  more  eafily.  In  fuch 
a  cafe  there  is  no  reparation  of  the  earthy  from  the  metalline 
part,  both  of  which  melt  and  precipitate  together  promifcu- 
oufly;  now  quick-lime,  being  extremely  refractory,  ferve* 
on  this  occafion  to  check  the  melting  of  thofe  matters  which 
are  too  fufible. 

Yet  quick-lime,  notwithstanding  its  refractory  quality, 
may  fometimes  be  of  u(e  as  a  flux  for  Iron.  This  is  the  cafe 
when  the  ore  happens  to  be  combined  with  fubflances  which, 
being  united  with  lime,  render  it  fufible  :  fuch  are  all  arfe- 
nical  matters,  and  even  fome  earthy  matters,  which  being 
combined  with  quick-lime  make  a  fufible  compound. 

When  the  ore  of  an  Iron  mine  is  found  difficult  to  reduce* 
it  is  ufually  neglected  even  though  it  be  rich  :  becaufe  Iron 
being  very  common,  people  chufe  to  work  thofe  mines  only 
whofe  ores  are  fmelteti  with  the  moil  eafe,  and  require  the 
leaf!  confumption  of  wood. 

Yet  refractory  ores  are  not  to  be  altogether  rejected,  when 
another  Iron  ore  of  a  different  quality  is  found  near  them. 
For  it  often  happens,  that  two  feveral  Iron  ores,  which  being 
worked  feparately  are  very  difficult  to  manage,  and  yield  at 
laft  but  bad  metal,  become  very  tractable,  and  yield  excel- 
lent Iron,  when  fmelted  together:  and  accordingly  fuch  mix* 
tures  are  often  made  at  Iron-works. 

The  Iron  obtained  from  ores  by  the  fir  ft  fufion  may  be  di- 
vided into  two  forts.  The  one,  when  cold,  refills  the  ham- 
mer, doth  not  eafily  break,  and  is  in  fome  meafure  extenli- 
ble  on  the  anvil;  but,  if  (truck  with  a  hammer  when  red-hot, 
flies  into  many  pieces:  this  fort  of  Iron  hath  always  a  mix- 
ture of  Sulphur  in  it.  The  other  fort,  on  the  contrary,  is 
brittle  when  cold,  but  fome  what  ductile  when  red-hot.  This 
Iron  is  not  fulphurated,  is  naturally  of  a  good  quality,  and 
its  britclenefs  arifes  from  its  metalline  parts  not  being  fuffici- 
ently  compacted  together. 

Iron  abounds  fo  much,  and  is  fo  univerfally  diffufed 
through  the  earth,  that  it  is  difficult  to  find  a  body  in  which 
there  is  none  at  all :  and  this  hath  led  feveral  Chymifts,  even 
men  of  great  fame,  into  the  error  of  thinking  that  they  had 
tranfmuted  into  Iron  feveral  forts  of  earths  in  which  they 
fufpected  no  Iron,  by  combining  them  with  an  inflammable 
matter ;  whereas,  in  fact,  all  they  did  was  to  give  the  me- 
talline form  to  a  true  martial  earth  which  happened  to  be 
mixed  with  other  earths. 


PROCESS 
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V  ....... 

PROCESS    II. 

To  render  Pig-iron  and  brittle  Iron  malleable. 

INTO  an  earthen  vefTel  widening  upwards  put  fome  char- 
coal-dull, and  thereon  lay  the  Pig-iron  which  you  pro- 
pofe  to  render  dudlile ;  cover  it  all  over  with  a  quantity  of 
charcoal ;  excite  the  fire  violently  with  a  pair,  or  more,  of 
perpetual  bellows  till  the  Iron  melt.  If  it  do  not  readily  flow 
and  form  a  great  deal  of  flag  on  its  furface,  add  fome  flux, 
fuch  as  a  very  fufible  fand. 

When  the  matter  is  in  fufion  keep  ftlrring  it  from  time  to 
time,  that  all  the  parts  thereof  may  be  equally  acled  on  by 
the  air  and  the  fire.  On  the  furface  of  the  melted  Iron  fcori& 
will  be  formed,  which  muft  be  taken  off  as  they  appear.  At 
the  fame  time  you  will  fee  a  great  many  fparkles  darted  up 
from  the  furface  of  the  metal,  which  will  form  a  fort  of  fiery 
fhower.  By  degrees,  as  the  Iron  grows  purer,  the  number 
of  thefe  fparkles  diminifhes,  though  they  never  vanifh  entire- 
ly. When  but  few  fparkles  appear,  remove  the  coals  which 
cover  the  Iron,  and  let  the  flag  run  out  of  the  vefTel ;  where- 
upon the  metal  will  grow  folid  in  a  moment.  Take  it  out 
while  it  is  ftill  red-hot,  and  give  it  a  few  ftrokes  with  a  ham- 
mer, to  try  if  it  be  ductile.  If  it  be  not  yet  malleable,  re- 
peat the  operation  a  fecond  time,  in  the  fame  manner  as  be- 
fore. Laftly,  when  it  is  thus  fufficiently  purified  by  the  fire, 
work  it  for  a  long  time  on  the  anvil,  extending  it  different 
ways,  and  making  it  red-hot  as  often  as  there  is  occafion. 
Iron  thus  brought  to  the  necefiary  degree  of  ductility,  fo  as 
to  yield  to  the  hammer,  and  fuffer  itfelf  to  be  extended  every 
way,  either  hot  or  cold,  without  breaking  to  bits,  or  even 
craeking  in  the  leaft,  is  very  good  and  very  pure.  If  it  can- 
not be  brought  to  this  degree  by  the  method  here  prefcribed, 
it  is  a  proof  that  the  ore  from  which  this  Iron  was  extracted 
ought  to  be  mixed  with  other  ores;  but  it  frequently  requires 
a  great  number  of  trials  to  obtain  an  exact  knowledge  of  the 
quality  and  proportion  of  thofe  other  ores  with  which  it  is  to 
be  mixed. 

OBSERVATIONS. 

The  brittlenefs  and  fhortnefs  of  Pig-iron  arifes  from  the 
heterogeneous  parts  which  it  contains,  and  which  could  not 
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be  feparated  from  it  by  the  firft  fufion.  Thefe  extraneous 
matters  are  ufually  Sulphur,  Arfenic,  and  unmetallic  earth, 
and  aifo  a  ferruginous  earth;  but  fuch  as  could  not  be  com- 
bined with  the  phlogifton  as  it  ought  to  be,  in  order  to  have 
the  properties  of  a  metal,  and  muft  therefore  be  confidered 
as  heterogeneous,  with  refpect  to  the  other  well-conditioned 
martial  particles. 

The  Pig-iron,  by  undergoing  repeated  fufions,  is  freed 
from  thole  heterogeneous  matters ;  thofe  which  are  volatile, 
fuch  as  Sulphur  and  Arfenic,  being  difiipated,  and  the  un- 
metallic matters  being  fcorified.  As  to  the  ferruginous  earth, 
which  did  not  at  firft  acquire  the  metalline  form,  it  becomes 
true  Iron  at  laftj  becaufe,  among  the  coals  with  which  it  is 
encompafted,  it  meets  with  a  fufficient  quantity  of  phlogifton 
to  reduce  it  to  metal.  Charcoal  is  alfo  neceflary  on  this  oc- 
cafion,  that  it  may  continually  furnifh  phlogifton  to  the  Iron^ 
which  would  otherways  be  converted  into  a  calx. 

Hammering  the  red-hot  Iron,  after  each  fufion,  ferves  to 
force  out  from  amongft  the  martial  parts  fuch  earthy  matters 
as  may  happen  to  remain  there,  and  fo  bring  into  clofer  con- 
tact the  metalline  parts  which  were  feparated  before  by  the 
interpofition  of  thofe  heterogeneous  matters. 


PROCESS     III. 

.    To  convert  Iron  into  Steel. 

TAKE  finall  bars  of  the  beft  Iron ;  that  is,  of  fuch  as  is 
malleable  both  hot  and  cold ;  fet  them  on  their  ends 
in  a  cylindrical  earthen  vefTel,  whofe  depth  is  equal  to  the 
length  of  the  bars,  and  in  fuch  a  manner  that  they  may  be 
an  inch  diftant  from  each  other,  and  from  the  fides  of  the 
crucible.  Fill  the  veftel  with  a  cement  compounded  of  two- 
parts  of  charcoal,  one  part" of  bones  burnt  in  a  clofe  veflel 
till  they  become  very  black,  and  one  half  part  of  the  afties  of 
greenwood;  having  firft  pulverized  and  thoroughly  mixed 
the  whole  together.  Take  care  to  lift  up  the  Iron  bars  a  lit* 
tie,  to  the  end  that  the  cement  may  cover  the  bottom  of  the 
veiTcl,  and  fo  that  there  be  about  the  depth  of  half  an  inch 
thereof  under  every  bar :  cover  the  crucible  and  lute  on  the 
cover. 

Set  the  crucible  thus  prepared  in  a  furnace,  fo  contrived 
that  the  crucible  may  be  furrounded  with  coals  from  top  to 
bottom  :  for  eight  or  ten  hours  keep  up  fuch  a  degree  of  fire 
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that  the  veflel  may  be  moderately  red;  after  this  take  it  out 
of  the  furnace;  plunge'your  little  Iron  bars  into  cold  water, 
and  you  will  find  them  converted  into  Steel. 

OBSERVATIONS. 

The  principal  difference  between  Iron  and  Steel  con  fids 
in  this,  that  the  latter  is  combined  with  a  greater  quantity  of 
pblogifton  than  the  former. 

It  appears  by  this  experiment,  that,  to  make  Iron  unite 
with  an  inflammable  matter,  it  is  not  necefiary  it  mould  be 
in  fufion;  it  is  fufficient  that  it  be  fo  red-hot  as  to  be  opened 
and  foftened  by  the  fire. 

Every  kind  of  charcoal  is  fit  to  be  an  ingredient  in  the 
compofition  of  the  cement  employed  to  make  Steel,  provided 
it  contain  no  Vitriolic  Acid.  However,  it  hath  been  obfer- 
ved,  that  animal  coals  produce  a  fpeedier  effecl:  than  others  : 
for  which  reafon  it  is  proper  to  mix  fomething  of  that  kind 
with  charcoal- duft,  as  above  directed. 

The  following  figns  fhew  that  the  operation  hath  fucceed- 
ed,  and  that  the  Iron  isxhanged  into  good  Steel. 

This  metal  being  quenched  in  cold  water,  as  propofed  a- 
bove,  acquires  fuch  an  extraordinary  degree  of  hardnefs,  that 
it  will  by  no  means  yield  to  any  impreffion  of  the  file  or 
hammer,  and  will  fooner  break  in  pieces  than  ftretch  upon 
the  anvil.  And  here  it  is  proper  to  obferve,  that  the  hard- 
nefs of  Steel  varies  with  the  manner  in  which  it  is  quench- 
ed. The  general  rule  is,  that  the  hotter  the  Steel  is  when 
quenched,  and  the  colder  the  water  is  in  which  you  quench 
it,  the  harder  it  becomes.  It  may  be  deprived  of  the  temper 
thus  acquired,  by  making  it  red-hot,  and  letting  it  cool 
flowly;  for  it  is  thereby  foftened,  rendered  malleable,  and 
the  file  will  bite  upon  it.  For  this  reafon  the  artifans  who 
work  in  Steel  begin  with  untempering  it,  that  they  may 
with  more  eafe  ihape  it  into  the  tool  they  intend  to  make. 
They  afterwards  new-temper  the  tool  when  finifhed,  and  by 
this  fecond  temper  the  Steel  recovers  the  fame  degree  of  hard- 
nefs it  had  acquired  by  the  firft  temper. 

The  colour  of  Steel  is  net  fo  white  as  that  of  "Iron,  but 
darker,  and  the  grains,  facets,  or  fibres,  which  appear  ou 
breaking  it,  are  finer  than  thofe  obferved  in  Iron. 

If  the  bars  of  Iron  thus  cemented  in  order  to  convert  them 
into  Steel'  be  too  thick,  or  not  kept  long  enough  in  cementa- 
tion, they  will  not  be  turned  into  Steel  throughout  their  whole 
thicknefs :  their  furfaces  only  will  be  Steel  to  a  certain  depth, 
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-and  the  center  will  he  mere  Iron  ;  becaufe  the  phlogifton  will 
not  have  thoroughly  penetrated  them.  On  breaking  a  bar 
of  this  fort,  the  difference  in  colour  and  grain  between  the 
Steel  and  the  Iron  is  very  vifible. 

It  is  eafy  to  deprive  Steel  of  the  fuperabundant  quantity  of 
phlogifton  which  conftitutes  it  Steel,  and  thereby  reduce  it 
to  Iron.  For  this  purpofe  it  need  only  be  kept  red-hot  fome 
time,  obferving  that  no  matter  approach  it  all  the  while  that 
is  capable  of  refunding  to  it  the  phlogifton  which  the  fire 
carries  off.  The  fame  end  is  ftill  fooner  obtained  by  cement- 
ing it  with  meagre  hungry  'flatters,  capable  of  abforbing  the 
phlogifton  ;  fuch  as  bones  calcined  to  whicenefs,  and  creta- 
ceous earths. 

Steel  may  alfo  be  made  by  fufion  ;  or  Pig-iron  may  be 
converted  into  Steel.  For  this  purpofe  the  fame  method 
muff  be  employed  as  was  above  directed  for  reducing  Pig- 
iron  into  malleable  Iron  ;  with  this  difference,  that,  as  Steel 
requires  more  phlogifton  than  is  neceffary  to  Iron,  all  the 
means  muft  be  made  ufe  of  that  are  capable  of  introducing 
into  the  Iron  a  great  deal  of  phlogifton  ;  fuch  as  melting  but 
a  fmall  quantity  of  Iron  at  a  time,  and  keeping  it  conftantly 
encompafft  d  with  abundance  of  cfaarcoal ;  reiterating  the  fu- 
fions ;  taking  care  that  the  blaft  of  the  bellows  directed  along 
the  furface  of  the  metal  do  not  remove  the  coals  that  cover 
it,  6r.  And  here  it  muft  be  obferved,  that  there  are  fome 
forts  of  Pig-iron  which  it  is  vjry  difficult  to  convert  into 
Steel  by  this  method,  and  that  there  are  others  which  fuc- 
ceed  very  readily,  and  with  fcarce  any  trouble  at  all.  The 
ores  which  yield  the  laft- mentioned  fort  of  Pig-iron  are  cal- 
led Steel  Ores.  Steel  made  by  this  means  muft  be  tempered 
in  the  fame  manner  as  that  made  by  cementation  *. 


PROCESS     IV. 

The  Calcination  of  Iron,     Sundry  Saffrons  of  Mars. 

TAKE  filings  of  Iron,  in  what  quantity  you  pleafe ;  put 
them  into  a  broad  unglazcd  earthen  veffel ;   fet  it  un- 
der the  muffle  of  a  cupelling  furnace ;  make  it  red-hot  j  ftir 


*  M.  RfHumur  hath  obliged  the  public  with  a  treatife  on  the  means  of  con- 
verting Iron  into  Steel,  in  which  he  hath  exhanfted  the  fuijetr.  Such  as  de- 
fire  the  am  pic  f>  and  moll  ofeful  inliruc~Uons  on'that  part  of  metallurgy,  would 
do  well  to  confult  his  Work. 
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the  filings  frequently ;  and  keep  up  the  fame  degree  of  fire 
till  the  Iron  be  wholly  turned  into  a  red  powder. 

OBSERVATIONS. 

Iron  eafily  lofes  its  phlogifton  by  the  action  of  fire.  The 
calx  that  remains  after  its  calcination  is  exceeding  red;  which 
makes  this  be  thought  the  natural  colour  of  the  earth  of  that 
metal.  It  hath  accordingly  been  obferved,  that  all  the  earths 
and  ftones  which  either  are  naturally  red,  or  acquire  that  co- 
lour by  calcination,  are  ferruginous. 

The  yellowifn  red  colour  which  every  calx  of  Iron  hath, 
in  whatever  manner  it  be  prepared,  hath  procured  the  name 
of  Crocus  or  Saffron  to  every  preparation  of  this  kind.  That 
made  in  the  manner  above  directed  is  called  in  Medicine 
Crocus  Martis  afir'ingens. 

The  ruft  produced  on  the  furface  of  Iron  is  a  fort  of  calx 
of  Iron  made  by  way  of  diffolution.  The  moifture  of  the 
air  acts  upon  the  metal,  difTolves  it,  and  robs  it  of  fome  of 
its  phlogifton.  This  ruft  is  called  in  Medicine  Crocus  Mar- 
tis Aperiens ;  becaufe  it  is  thought  that  the  faline  parts,  by 
means  whereof  the  humidity  difTolves  the  Iron,  remain  unit- 
ed with  the  metal  after  its  difiblution,  and  give  it  an  aperi- 
tive virtue.  The  Apothecaries  prepare  this  fort  of  Saffron  of 
Mars  by  expofmg  Iron  filings  to  the  dew,  till  they  be  turned 
entirely  to  rufl :  which  is  then  called  Saffron  of  Mars  by 
dew. 

Another  Saffron  of  Mars  is  alfo  prepared  in  a  much  fhort- 
er  manner,  by  mixing  filings  of  Iron  with  pulverized  Sul- 
phur, and  moiftening  the  mixture,  which  after  fome  time 
ferments  and  grows  hot.  It  is  then  fet  on  the  fire ;  the  Sul- 
phur burns  away,  and  the  mafs  is  kept  ftirring  till  it  become 
a  red  matter.  This  Saffron  is  nothing  but  Iron  diflolved  by 
the  Acid  of  Sulphur,  which  is  known  to  be  of  the  fame 
nature  with  that  of  Vitriol ;  and  confequently  this  Saffron  of 
Mars  is  no  way  differing  from  Vitriol  calcined  to  rednefs. 


PROCESS    V. 

Iron  dijffolved  by  the  mineral  Acids. 

FTJT  any  mineral  Acid  whatever  into  a  matrafs  with  fome 
water;  fet  the  matrafs  on  a  fand-bath  gently   heated; 
drop  into  the  veiled  fome  filings  of  Iron :   the  phenomena 
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which  ufually  accompany  metalline  diiTolution'fc  will  imme- 
diately appear.  Add  more  filings,  till  you  obferve  the  Acid 
hath  loft  all  fenfible  a£tion  upon  them  :  then  remove  your 
matrafs  from  the  fand-bath ;  you  will  find  in  it  a  folution 
of  Iron. 

OBSERVATIONS. 

Iron  is  very  eafily  difiblved  by  all  the  Acids.  If  you 
make  ufe  of  the  Vitriolic  Acid,  care  mull  be  taken  to  weak- 
en it  with  water,  in  cafe  it  be  concentrated ;  becaufe  the  dif- 
folution  will  fucceed  the  better.  The  vapours  that  rife  on 
this  occafion  are  inflammable  ;  and  if  a  lighted  paper  be  held 
to  the  mouth  of  the  matrafs,  efpecially  after  keeping  it  ftopt 
for  fome  time  and  fhaking  the  whole  gently,  the  fulphureous 
vapours  take  fire  with  fuch  rapidity  as  to  produce  a  confider- 
able  explofion ;  which  is  fometimes  fttong  enough  to  burft 
the  veflel  into  a  thoufand  pieces.  This  folution  hath  a  green 
colour,  and  is  in  fa£fc  a  fluid  Green  Vitriol,  which  wants  no- 
thing but  reft  to  make  it  fhoot  into  cryftals. 

If  you  make  ufe  of  the  Nitrous  Acid,  you  muft  ceafe  add- 
ing more  filings  when  the  liquor,  after  ftanding  (till  fome 
moments,  becomes  turbid ;  for,  when  this  Acid  is  impreg- 
nated with  Iron  to  a  certain  degree,  it  lets  fall  fome  of  that 
which  it  had  difiblved,  and  becomes  capable  of  taking  up 
frefh  filings.  Thus,  by  conftantly  adding  new  fupplies  of 
Iron,  this  Acid  may  be  made  to  diflblve  a  much  greater 
quantity  thereof  than  is  necefTary  to  faturate  it  entirely.  This 
folution  is  of  a  ruflet  colour,  and  doth  not  cryftallize- 

If  the  weather  be  not  extremely  cold,  and  the  Acids  have 
a  proper  degree  of  ftrength,  the  fan  d  bath  is  unneceffary,  as 
the  diflblution  will  fucceed  Very  well  without  it. 

Iron  difiblved  by  Acids  may  be  feparated  therefrom,  like 
all  other  metallic  fubftances  in  the  fame  circumftances,  either 
by  the  a£lion  of  fire,  which  carries  off  the  Acid  and  leaves 
the  Martial  Earth,  or  by  the  interpofition  of  fubftances  which 
have  a  greater  affinity  than  metallic  fubftances  have  with 
Acids  ;  that  is,  by  Abforbent  Earths  and  Alkaline  Salts.  By 
whatever  means  you  feparate  Iron  from  an  Acid  folvent,  it 
conftantly  appears,  after  the  feparation,  in  the  form  of  a  yel- 
lowifti  red  powder;  becaufe  it  is  then  deprived  of  molt  of  the 
phlogirton  to  which  it  owed  its  metalline  form  ;  whence  it  is 
realonable  to  think,  that  this  is  the  proper  colour  of  Martial 
earth. 

All 
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All  thefe  precipitates  of  Iron  are  true  Saffrons  of  Mars, 
which,  as  well  as  thofe  prepared  by  calcination,  are  fo  much 
the  further  removed  from  the  nature  of  a  metal,  the  more 
they  are  deprived  of  their  phlogifton.  Thence  it  comes  that 
they  are  more  or  lefs  foluble  by  Acids,  and  more  or  lefs  at- 
tracted by  the  magnet :  as  no  ferruginous  earth,  perfectly  de- 
prived of  all  inflammable  matter,  is  at  all  attracted  by  the 
magnet,  or  foluble  by  Acids. 


CHAP.        V. 
Of    Tin. 

PROCESS     I. 

To  extraft  Tin  from  its  Ore. 

BREAK  your  Tin  ore  into  a  coarfe  powder,  and  by  wafh- 
ing  carefully  feparate  from  it  all  the  heterogeneous  mat- 
ters, and  ores  of  a  different  kind,  that  may  be  mixed  there- 
with. Then  dry  it,  and  roafl  it  in  a  ftrong  degree  of  fire, 
till  no  more  Arfenical  vapour  rife  from  it.  When  the  ore 
is  roafted,  reduce  it  to  a  fine  powder,  and  mix  it  thoroughly 
with  twice  its  weight  of  the  black  flux  well  dried,  a  fourth 
part  of  its  weight  of  clean  iron  filings,  together  with  as  much 
borax  and  pitch ;  put  the  mixture  into  a  crucible ;  over  all 
put  Sea-falt  to  the  thicknefs  of  four  fingers,  and  cover  the 
crucible  clofe. 

Set  the  crucible  thus  prepared  in  a  melting  furnace:  apply 
at  firft  a  moderate  and  flow  degree  of  fire,  till  the  flame  of 
the  pitch,  which  will  efcape  through  the  joint  of  the  cover, 
difappear  entirely.  Then  fuddenly  raife  your  fire,  and  urge 
it  with  rapidity  to  the  degree  neceffary  for  melting  the  whole 
mixture.  As  foon  as  the  whole  is  in  fufion  take  the  crucible 
out  of  the  furnace,  and  feparate  the  Piegulus  from  the  fcoria. 

0  B  §  E  R  V  A  T  I  0  N  S. 

All  Tin  ores  contain  a  confiderable  quantity  of  Arfenic, 
and  no  Sulphur  at  all,  or  at  mofl  very  little.  Hence  it  comes 
that,  though  Tin  be  the  lighteft  of  all  metals,  its  ore  is  never- 
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thelefs  much  heavier  than  any  other;  Arfenic  being  much 
heavier  than  Sulphur,  of  which  the  ores  of  every  other  kind 
always  contain  a  pretty  large  proportion.  This  ore  is  more- 
over very  hard,  and  is  not  brought  to  a  fine  powder  with  fo 
much  eafe  as  the  reft. 

Thefe  properties  of  Tin  ore  furnifh  us  with  the  means  of 
feparating  it  eafiiy  by  lotion,  not  only  from  earthy  and  ftony 
parts,  but  even  from  the  other  ores  which  may  be  mixed 
with  it.  And  this  is  of  the  greater  advantage  on  two  ac- 
counts, viz.  becaufe  Tin  cannot  endure,  without  the  deftruc- 
tion  of  a  great  part  thereof,  the  degree  of  fire  neceflary  to 
fcorify  the  refractory  matters  which  accompany  its  ore ;  and 
again  becaufe  this  metal  unites  lb  eafiiy  with  Iron  and  Cop- 
per, the  ores  of  which  are  pretty  commonly  blended  with 
Tin  ore,  that,  after  the  reduction,  it  would  be  found  adul- 
terated with  a  mixture  of  thefe  two  metals,  if  they  were  not 
feparated  from  it  before  the  fufion. 

But  fometimes  the  Iron  ore  confounded  with  that  of  Tin 
is  very  heavy,  and  is  not  eafiiy  pulverized;  whence  it  comes 
to  pafs  that  it  cannot  be  feparated  therefrom  by  wafhing  on- 
ly. In  that  cafe  the  magnet  mult  be  employed  to  feparate 
it,  after  the  ore  hath  been  roafted. 

Roafting  is  moreover  necefiary  for  Tin  ore,  in  order  to 
diffipate  the  Arfenic  which  volatilizes,  calcines,  or  deftroys 
one  part  of  the  Tin,  and  reduces  the  reft  to  a  fhort,  brittle 
fubftance,  like  a  Semi-metal.  The  ore  is  known  to  be  fiif- 
ficiently  roafted  when  no  more  fumes  rife  from  it ;  when  it 
has  lolt  the  fmell  of  garlic ;  and  when  it  does  not  whiten  a 
clean  plate  of  Iron  held  over  it. 

Tin  being  one  of  thofe  metals  which  are  moft  eafiiy  cal- 
cined, it  is  neceiTary  in  reducing  its  ore  to  employ  fuch  mat- 
ters as  may  furnim  it  with  phlogifton.  In  order  to  defend  it 
from  the  cdnta£t  of  the  air,  which  always  accelerates  the 
calcination  of  metallic  fubftances,  the  mixture  is  to  be  co- 
vered with  Sea  fait;  and  the  addition  of  pitch  helps  to  in- 
creafe  the  quantity  of  phlogifton. 


PROCESS     II. 

The  Calcination  of  Tin. 


INTO  an  unglazed  earthen  difh  put  the  quantity  of  Tin 
you  intend  to  calcine ;  melt  it,  and  keep  ftirring  it  from 
time  to  time.     Its  furface  will  be  covered  with  a  greyim 
i  white 
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white  powder :  continue  the  calcination  till  all  your  Tin  be 
converted  into  fuch  a  powder,  which  is  the  Calx  of  Tin. 

OBSERVATIONS. 

Thoitgh  the  calcination  of  metalline  fubftances  is  pro- 
moted by  expofirtg  them,  in  powder,  or  in  filings,  to  the 
action  of  fire,  and  by  ordering  it  fo  that  they  may  not  melt, 
becaufe  they  prefent  a  much  fmaller  furface  when  melted 
than  when  unmeited;  yet  we  have  not  directed  this  precau- 
tion to  be  ufed  iii  calcining  Tin.  The  reafort  is,  this  metal 
is  fo  ftifible  that  it  cannot  eridure  the  degree  of  fire  requifite 
to  deftroy  its  phlogifton  without  melting*  and  of  courfe, 
though  Tin  calcines  eafily,  the  operation  is  neverthelefs  te- 
dious, becaufe  the  melted  metal  prefents  but  a  fmall  furface 
to  be  acted  on  by  the  fire  and  the  air.  This  inconvenience 
may  be  partly  remedied,  and  the  operation  greatly  expedited, 
by  dividing  the  quantity  of  Tin  to  be  calcined  into  feveral 
fmall  parcels,  and  expofing  them  to  the  fire  in  feparate  vef- 
fels,  fo  that  they  may  not  re-unite  when  melted*  and  form 
one  (ingle  mafs. 

Leaf  Tin  caft  on  Nitre  in  actual  fufion  caufes  it  to  defla- 
grate and  fulminate;  and  from  this  mixture  there  rifes  a 
white  vapour,  which  is  converted  into  flowers  when  it  meets 
with  any  obftacle  to  impede  its  flying  off  entirely. 

Mr.  Geoffroy,  who  went  through  a  courfe  of  experiments 
on  Tin,  an  account  whereof  may  be  feen  m  the  Memoirs  of 
the  Academy  of  Sciences,  found  that  from  the  colour  of  the 
calx  of  that  metal  a  judgment  may  be  formed  of  its  degree 
of  purity,  and  nearly  of  the  quantity  and  quality  of  the 
metallic  fubftances  with  which  it  is  alloyed.  The  experi- 
ments tried  on  this  fubjecl:  by  that  eminent  Chymift  are  very 
curious. 

He  performed  the  calcination  in  a  crucible,  which  he  heat- 
ed to  a  cherry-red,  and  kept  up  the  fame  degree  of  fire  from 
the  beginning  to  the  ertd  of  the  operation.  The  calx  which 
formed  upon  his  metal,  in  that  degree  of  heat,  appeared  like 
fmall  white  fcales,  a  little  reddifh  on  the  under  fide.  He 
puihed  it  to  one  fide  as  it  formed,  to  the  end  that  it  might 
not  cover  the  furface  of  the  metal,  which,  like  all  others, 
requires  the  contact  of  the  air  to  turn  it  into  a  calx. 

"  While  he  was  making  thefe  calcinations,  he  had  an  op- 

«<  portunity  of  obferving  a  curious  fa£t,  of  which  no  body 

«   before  him  had  ever  taken   notice;   probably  becaufe  no 

*•  body  had  ever  calcined  I  in  by  the  fame  method.     *J"he 

N  n  «  ha 
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"  fa<ft  is,  that  during  the  calcination  of  the  Tin,  whether 
"  you  break  the  pellicle  which  forms  on  the  furface  of  the 
**  metal  while  in  red-hot  fufion,  or  whether  you  let  it  re- 
"  main  without  touching  it,  you  perceive  in  feveral  places  a 
"  fmall  fwell  of  a  certain  matter,  which  burfts  and  makes 
"  its  way  through  the  pellicle.  This  matter  puffs  up,  grows 
«  r  ',  at  the  fame  inftant  takes  fire,  and  darts  out  a  fmall 
'*■  whitifh  flame,  as  vivid  and  as  brilliant  as  that  of  Zinc, 
«<  when  urged  by  a  fire  ftrong  enough  to  fublime  it  into 
4<  flowers.  The  vividnefs  of  this  flame  may  be  further  com- 
"  pared  to  that  of  feveral  fmall  grains  of  phofphorus  of 
«'  urine  fired  and  gently  dropped  on  boiling  water.  From 
44  this  bright  flame  a  white  vapour  exhales;  after  which  the 
««  fwelled  mafs  partly  crumbles  down,  and  turns  to  a  light 
"  white  powder,  fometimes  fpotted  with  red,  according  to 
(i  the  force  of  the  fire.  .  After  this  momentary  ignition, 
"  there  arife  ftronger,  more  numerous,  or  more  frequent 
"  heavings  of  matter,  out  of  which  iffues  a  good  deal  of 
«  white  fume,  that  may  be  intercepted  by  a  cover  of  tin- 
"  plate  or  copper  fitted  to  the  crucible,  and  appears  to  be 
U  the  flowers  of  Tin,  which  in  fome  meafure  corrode  thefe 
«  metals.  Hence  Mr.  GeofFroy  conjectures,  with  a  great 
«<  deal  of  probability,  that  their  fublimation  is  promoted  by 
«  a  portion  of  Arfenic.  "When  the  cruft  formed  by  this  calx 
*f  comes  to  be  too  thick,  or  in  too  great  a  quantity,  to  be 
<f  pufhed  on  one  fide,  fo  as  to  leave  part  of  the  metal  unco- 
"  vered,  Mr.  Geoffroy  puts  out  the  fire,  becaufe  no  more 
«  calx  would  be  formed:  the  communication  of  the  external 
"  air  with  the  Tin  in  fufion  being  abfolutely  neceflary  there- 
's to,  as  hath  been  already  faid.  In  this  operation  it  is  to 
««  be  obferved  that,  if  the  fire  be  too  flow,  neither  the  in- 
"  fiammation  of  the  fulphureous  particles,  nor  the  white 
"  fumes  that  rife,  will  be  fo  diftinttly  perceived,  as  when 
«  the  fire  is  of  the  degree  requifite  to  keep  the  crucible  juft 
"  of  a  cherry- red  heat. 

w  Mr.  GeofFroy  having  taken  off"  this  firfr.  calx  began  the 
«  calcination  anew.  In  this  fecond  heat  the  buddings  or 
«<  heavings  were  more  conliderable,  and  (hot  up  in  the  form 
«*  of  cauli -flowers;  but  were  (till  compofed  of  little  fcales. 
M  The  thoroughly  calcined  portion  of  this  vegetation  was 
"  likewife  white  and  red;  and  the  inferior  furfaces  of  fome 
"  little  bits  thereof  were  wholly  red.  When  thefe  calcina- 
««  tions  are  continued,  fulphureous  vapours  rife  feeminglyof 
U  another  kind  than  thofe  which  appeared  in  the  beginning* 
<«  for  all  the  calx  made  by  the  firft  heat  was  perfectly  white: 

«  whereas 
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«  whereas-  in  the  fecohd  it  toegfris  to  be  fpotted  here  and 
w  there  with  a  tinge  of  black.  Mr.  Geoffroy  was  obliged 
M  to  go  through  a  courfe  of  twelve  feveral  calcinations  be- 
"  fore  he  could  convert  two  ounces  of  Tin  into  a  calx.  He 
*«  had  the  opportunity,  during  thefe  feveral  calcinations,  to 
"  obferve  that  after  the  fourth,  and  fometimes  after  the  third, 
"  the  red  fpots  of  the  calx  decreafe,  and  the  black  increafe ; 
"  that  the  germinations  ceafe;  that  the  cruft  of  the  calx  re> 
"  mains  flat ;  that  in  the  twelfth  fire  the  Tin  yields  no  more 
"  of  this  fcaly  cruft;  that  towards  the  end  the  undulations 
«  of  the  fufed  metal  appear  no  longer;  and  that  the  friiall 
fi  remainder  of  calx  is  mixed  with  feveral  very  minute 
"  grains  of  metal,  which  feem  much  harder  than  Tin.  Mr. 
"  Geoffroy  could  not  collect  a  fufneient  quantity  thereof 
"  to  cupel  them,  and  fatisfy  himfelf  whether  or  no  they 
Ki  were  Silver," 

Though  Tin,  and  all  the  imperfect  metals  in  genera], 
feem  converted  to  a  calx,  and  lofe  the  metalline  form,  by- 
one  fingle  calcination,  and  that  a  flight  one ;  yet  they  are 
not  wholly  deprived  of  their  phlogifton  :  for  if  the  calxv  of 
Tin,  for  inftance,  prepared  according  to  the  procefs  above 
delivered,  be  .caft  upon  Nitre  in  fufion,  it  will  make  that 
fait  deflagrate  very  perceptibly ;  a  convincing  proof  that  it 
(till  contains  much  inflammable  matter.  If  therefore  a  calx 
be  required  abfolutely  free  from  phlogifton,  this  firft  calx 
muft  be  re-calcined  by  a  more  violent  fire,  and  the  calcina* 
tion  continued  till  all  the  phlogifton  be  diffipated. 

*«  Mr.  Geoffroy,  being  defirous  of  having  his  calx  of  Tin 
•*  very  pure  and  perfectly  calcined,  expofed  once  more  to 
"  the  action  of  five  the  twelve  portions  of  calx  obtained  by 
"  his  former  calcinations.  But,  as  it  would  have  been  too 
<c  tedious  to  re-calcine  them  all  feparately,  he  made  four 
u  parcels  of  the  whole,  each  confiding  of  three  taken  ac- 
M  cording  to  the  order  in  which  they  were  firft  calcined;  and 
"  gave  to  each  a  fire  fufficiently  ftrong,  and  long  enough 
"  continued,  to  calcine  them  as  thoroughly  as  was  poflible. 
**  After  this  fecond  calcination  he  found  them  all  of  a  moil 
"  beautiful  white,  except  the  firft  parcel :  as  that  cenfifted 
"  of  the  portions  obtained  by  the  three  firft  heats,  in  all  of 
"  which  there  were  fcales  tinged  with  red,  it  itill  retained  a 
«  ftain  of  carnation,  though  hardly  perceptible.  Agreeably 
"  to  the  general  rule,  the  two  ounces  of  Tin  gained  in 
"-  weight  by  being  thus  calcined  ;  and  the  increafe  was  two 
«  drams  and  fifty  feven  grains. 

ISfn-z  "Mir. 
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"  Mr.  GeolFroy  obfeives,  that  no  Tin,  but  what  is  abfo- 
"  lutely  pure,  will  yield  a  perfectly  white  c:lx.  He  calcin- 
*<  ed  in  this  manner  feveral  other  parcels  of  Fin  that  were 
"  impure  and  varioufly  alloyed;  each  of  which  produced  a 
"  calx  differently  coloured,  according  to  the  nature  and 
<<  quantity  of  its  alloy:  whence  he  juftly  concludes,  that 
<<  calcination  is  a  very  good  method  of  trying  the  fmenefs 
<c  of  Tin,  or  its  degree  of  purity"  'I  he  particulars  of 
Mr.  Geoffroy's  experiments  on  this  fubje£t,  which  are  very 
curious,  may  be  feen  in  the  Memoirs  of  the  Academy  for 

1738. 

It  is  proper  to  take  notice  that  a  man  mould  be  very  cau- 
tious how  he  expofes  himfelf  to  the  vapours  of  Tin,  becaufe 
they  are  dangerous ;  this  metal  being  very  juftly  fufpected 
by  Chymifts  of  containing  fpmething  Arfenical. 


PROCESS    III. 

The  difjolution  of  Tin  by  Acids,      The  Smoking  Liquor  of  Lir 

bayius. 

PUT  into  a  glafs  veflel  what  quantity  you  pleafe  of  fine 
Tin  cut  into  little  bits.  Pour  on  it  thrice  as  much  a- 
qiCa  regis,  compounded  of  two  parts  aqua  forth  weakened 
with  an  equal  quantity  of  very  pure  water,  and  one  part 
Spirit  of  Salt.  An  ebullition  will  arife,  and  the  Tin  will 
be  very  rapidly  diflolved  ;  efpecially  if  the  quantities  of  meT 
tal  and  of  aqua  regis  be  cpnfiderable. 

OBSERVATIONS. 

Tin  is  foluble  by  all  the  Acids;  but  aqua  regis  diflblves 
it  bed  of  any.  Yet  in  this  diflblution  it  comes  to  pafs  that 
part  of  the  diflolved  Tin  precipitates  of  its  own  accord  to 
the  bottom  of  the  veflel,  in  the  form  of  a  white  powder. 
This  folution  of  Tin  is  very  fir  for  preparing  the  purple-co- 
loured precipitate  of  Gold.  For  this  purpofe  the  folution  of 
Tin  muft  be  let  fall,  drop  by  drop,  into  a  folution  of  Gold. 
Spirit  of  Nitre  diflblves  Tin  nearly  as  aqua  regis  does;  but- 
it  occafions  a  greater  quantity  of  calx. 

If  two  or  three  parts  of  Oil  of  Vitriol  be  poured  on  one 
part  of  Tin,  and  if  the  veflel  in  which  the  mixture  is 
made  be  expofed  to  fuch  a  degree  of  heat  as  to  evaporate 
ajl   the    moillure,    tliere   will   remain   a   tenacious    matter 

flicking 
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flicking  to  the  fides  of  the  veffel.  If  water  be  poured 
on  this  matter,  and  it  be  then  expofed  a  fecond  time  to 
the  fire,  it  will  diffolve  entirely,  excepting  a  frnall  portion  of 
a  glutinous  fubftance,  which  alfo  may  be  diflblved  in  irefh 
Oil  of  Vitriol. 

The  Acid  of  Sea-falt  may  be  combined  with  Tin  by  the 
following  procefs.  Mix  perfectly,  by  trituration  in  a  marble 
mortar,  an  amalgam  of  two  ounces  of  fine  Tin,  and  two 
ounces  and  a  half  of  Quick-filver,  with  as  much  Corrofive 
Sublimate.  As  foon  as  the  mixture  is  completed,  put  it  in- 
to a  glafs  retort,  and  diitil  with  the  fame  precautions  as  we 
dife£ied  to  be  ufed  in  preparing  concentrated  and  fmoking 
Acids.  There  will  firft  come  over  into  the  receiver  fome 
drops  of  a  limpid  liquor,  which  will  be  foon  followed  by  an 
elaftic  fpirit  that  will  ifiue  out  with  impetuofity.  At  laflr 
fome  flowers,  and  a  faline  tenacious  matter,  will  rife  into 
the  neck  of  the  retort.  Then  ftop  your  di filiation,  and  pour 
into  a  glafs  bottle  the  liquor  you  will  find  in  the  receiver. 
This  liquor  continually  exhales  a  considerable  quantity  of 
denfe,  white  fumes,  as  long  as  it  is  allowed  to  have  a  free 
communication  with  the  air. 

The  product  of  this  diftillation  is  a  combination  of  the 
Acid  of  Sea-falt  with  Tin.  As  the  affinity  of  Tin  with 
this  Acid  is  greater  than  that  of  Mercury,  the  Acid  contain- 
ed in  the  Corrofive  Sublimate  quits  the  Mercury,  wherewith 
it  was  united,  to  join  the  Tin  ;  which  it  volatilizes  fo  as  to 
make  it  rife  with  itfelf  in  a  limpid  form.  We  make  ufe 
of  the  amalgam  of  Tin  with  Quick-filver,  becaufe  we  are 
thereby  enabled  to  mix  the  Corrofive  Sublimate  perfectly 
therewith,  as  the  fuccefs  of  the  operation  requires  it  mould 
be. 

In  this  experiment  the  Tin  is  volatilized,  and  the  Acid  of 
Sea-falt,  which  is  exceedingly  concentrated,  flies  off  incef- 
fantly  in  the  form  of  white  vapours.  This  compound  is 
known  in  Chymiftry  by  the  name  of  Smoking-  Liquor  of  Li- 
bavius ;  a  name  derived  from  its  quality,  and  from  its  In- 
ventor. Tin  diflblved  by  Acids  is  eafily  feparated  from 
them  by  Alkalis.  It  always  precipitates  in  the  form  of  a 
white  cafe 


CHAP. 
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CHAP.       VI. 

Of  Lead. 


PROCESS     I. 

To  exttaB  Lead  from  its  Ore. 

HAVING  roafted  your  Lead  ore  reduce  it  to  a  fine  pow- 
der ;  mix  it  with  twice  its  weight  of  the  black  flux, 
and  one  fourth  of  its  weight  of  clean  iron  filings  and  borax; 
put  the  whole  into  a  crucible  capable  of  containing  at  leaft 
thrice  as  much ;  over  all  put  Sea-falt  four  fingers  thick  ;  co- 
ver the  crucible;  lute  the  juncture;  dry  the  whole  with  a 
gentle  heat,  and  fet  it  in  a  melting  furnace. 

Make  the  crucible  moderately  red :  you  will  hear  the  Sea* 
fait  decrepitate,  and  after  the  decrepitation  a  fmall  hiding 
in  the  crucible.  Keep  up  the  fame  degree  of  fire  till  that  be 
over. 

Then  throw  in  as  many  coals  as  are  necefiary  to  complete 
the  operation  entirely,  and  raife  the  fire  fuddenly,  fo  as  to 
bring  the  whole  mixture  into  perfect  fuGon.  Keep  up  this 
degree  of  fire  for  a  quarter  of  an  bour,  which  is  time  fufbi 
cient  for  the  precipitation  of  the  Regulus. 

When  the  operation  is  finifhed,  which  may  be  known  by 
the  quietnefs  of  the  matter  in  the  crucible,  and  by  a  bright 
vivid  flame  that  will  rife  from  it,  take  the  crucible  out  of  the" 
furnace,  and  feparate  the  Regulus  from  the  fcoria. 

OBSERVATIONS. 

All  Lead  ore  contains  a  good  deal  of  Sulphur,  which 
mufl  be  firft  feparated  from  it  by  roafiing:  and  as  this  kind 
of  ore  is  apt  to  fly  when  firft  expofed  to  the  fire,  it  is  proper 
to  keep  it  covered  till  it  be  thoroughly  heated.  Another 
precaution  to  be  ufed,  in  roafling  this  ore,  is  not  to  give  it 
too  great  a  heat,  but  to  keep  the  veflel  which  contains  it  juft 
moderately  red ;  becaufe  it  eafily  turns  clammy,  which  oc- 
eafions  it  to  flick  to  the  veflH. 

The 
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The  Iron  that  is  added,  and  mixed  with  the  flux,  abforbs 
the  Sulphur  which  may  happen  to  remain,  even  after  roaft- 
ing :  it  helps  alfo  to  feparate  from  the  Lead  fome  portions  of 
femi-metal,  efpecially  of  Antimony,  which  are  frequently 
mixed  with  this  ore. 

There  is  no  fear  leaft:  the  Iron  mix  with  the  Lead  in  fu- 
fion,  and  adulterate  it :  for  thefe  two  metals  are  incapable  of 
contracting  any  union  together,  when  each  has  its  metalline 
form. 

Nor  is  there  any  reafon  to  apprehend  left  the  Iron  mould, 
by  its  refractory  quality,  obftruet  the  fufion  of  the  mixture; 
for  though  this  metal  be  not  fufible  when  alone,  yet,  by  the 
union  it  contracts  with  the  matters  it  is  defigned  to  abforb, 
it  becomes  fo  to  fuch  a  degree  as  in  fome  meafure  to  perform, 
on  this  occafion,  the  office  of  a  flux. 

The  government  of  the  fire  is  a  point  of  great  confequence 
in  this  operation.  It  is  neceiTary  to  apply  but  a  moderate 
degree  of  heat  at  firfl :  for,  when  the  metallic  earth  of  the 
Lead,  combining  with  the  phlogiiton,  acquires  the  metalline 
form,  it  fwells  up  in  fuch  an  extraordinary  manner,  that 
there  is  great  danger  leaft  the  matter  mould  overflow,  and 
run  all  out  of  the  containing  vefiel.  With  a  view  therefore 
to  avoid  this  inconvenience,  we  direct  a  very  large  crucible 
to  be  ufed.  This  heaving  of  the  Lead,  at  the  inftant  of  its 
reduction,  is  attended  with  a  noife  like  the  whiftling  of 
wind. 

Notwith (landing  all  the  precautions  that  can  be  ufed  to 
prevent  the  reduction  from  taking  place  too  haftily,  and  fo 
occafioning  the  efFufion  of  the  matter,  it  often  happens  that, 
on  raifing  the  fire  in  order  to  bring  the  mixture  into  fufion, 
the  hiding  fuddenly  begins  again,  and  is  very  loud.  In  that 
cafe  all  the  apertures  of  the  furnace  rnuft  immediately  be 
{hut  clofej  in  order  to  choak  and  fufFocate  the  fire :  for,  if 
this  be  neglected,  the  matter  in  the  crucible  will  fwell  up, 
make  its  way  through  the  luting  of  the  juncture,  nay,  pufh 
up  the  cover,  and  run  over.  This  accident  is  to  be  ap- 
prehended during  the  firfl:  five  or  fix  minutes  after  you  raiie 
the  fire  in  order  to  melt  the  mixture.  This  effufion  of  the 
matter  is  accompanied  with  a  dull  flame,  a  thick,  grey  and 
yellow  fmoke,  and  a  noife  like  that  of  fome  boiling  liquor. 
"When  you  obferve  thefe  feverai  phenomena  you  may  be  fure 
the  matter  is  run  out  of  the  crucible,  either  in  the  manner 
above  defcribed,  or  by  making  its  way  through  fome  cracks 
in  the  vefiel,  and.  confequently  that  the  operation  is  fpoiled. 

Moreover, 
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Moreover,  this  event  infallibly  follows  whenever  a  bit  of 
coal  happens  to  fall  into  the  crucible;  and  this  is  one  reafon 
why  it  is  neceflary  to  cover  it. 

You  may  be  certain  that  the  operation  hath  fucceeded  if 
the  tcoria  be  fmooth  when  cold,  and  have  not  in  part  efcap- 
ed  through  the  lute;  if  the  Lead  be  not  difperfed  in  globules 
through  the  whole  mafs  of  the  matter  contained  in  the  cru- 
cible, but  is,  on  the  contrary,  collected  at  the  bottom,  in  the 
form  of  a  folid  Regulus,  not  very  mining,  but  of  a  blueifh 
caft,  and  ductile.  Moreover,  the  fcoria  ought,  in  the  pre- 
sent cafe,  to  be  hard  and  black*  and  mould  not  appear  full 
of  holes  like  a  fieve,  except  only  in  that  part  which  was  con- 
tiguous to  the  Salt. 

Here  it  is  proper  to  obferve,  that  the  Sea-falt  doth  not  mix 
with  the  fcoria>  but  floats  upon  it.  After  the  operation  it  is 
black ;  which  colour  it  gets,  no  doubt,  from  the  charred 
parts  of  the  flux.  The  abfence  of  thefe  figns  (hews  the  ope- 
ration to  have  mifcarried. 

When  the  ore  to  be  fmelted  is  pyritofe  and  refractory,  it 
may  be  roafted  at  firit  with  a  much  ftronger  degree  of  fire 
than  is  ufed  for  ores  that  are  fufible;  becaufe  the  martial 
earthy  and  the  unmetallic  earth,  which  are  always  mixed  in 
pyritofe  matters,  hinder  it  from  growing  readily  foft  in  the 
fire.  Befides,  fuch  an  ore  requires  a  greater  quantity  of  the 
black  flux  and  of  borax  to  be  mixed  with  it,  and  a  higher 
degree  of  fire  to  fuie  it. 

It  is  generally  needlefs  to  mix  iron  filings  with  this  fort  of 
ore;  becauie  the  martial  earth,  with  which  pyritofe  matters 
are  always  accompanied,  is  reduced  during  the  operation  by 
the  help  of  the  black  flux,  which  for  that  purpoie  is  mixed 
tvith  it  in  a  large  proportion,  and  furnifhes  a  quantity  of 
iron  fufficient  to  abiorb  the  heterogeneous  minerals  mixed 
with  the  Lead. 

Yet,  if  it  fhould  be  obferved  that  the  pyrites  which  ac- 
company the  Lead  ore  are  arienical,  then,  as  fuch  pyrites 
contain  but  a  fmall  quantity  of  terruginous  earth,  iron  filings 
muff,  be  added  ;  which  are,  on  this  occafion,  fo  much  the 
more  neceflary  for  absorbing  the  Arfenic,  as  this  mineral  re- 
mains in  part  confounded  with  the  ore,  is  reduced  to  a  Re- 
gions during  the  operation,  unites  with  the  Lead,  and  de- 
itroys  a  great  deal  of  it  by  procuring  its  vitrification. 

The  Lead  obtained  from  fuch  pyritofe  ores  is  commonly 

not  very  pure;    it  is  blackifh  and  icarce  ductile;   qualities 

communicated  to  it  by  a  fmall  mixture  of  Copper  in  the  py- 

i  rites, 
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rites,  which  always  contain  more  or  lefs  thereof.  We  fhall 
prefently  fhew  the  method  of  f*parating  Lead  from  Copper. 

Lead  ore  may  alfo  be  reduced  by  melting  it  amidfl:  coals. 
For  that  purpofe  firft  kindle  a  fire  in  the  furnace  in  which 
you  intend  to  melt  your  ore;  then  put  a  layer  of  your  ore 
immediately  upon  the  lighted  coals*  and  cover  it  with  ano- 
ther layer  of  coals. 

Though  the  melting  furnace  ufed  for  this  operation  be  ca- 
pable of  giving  a  conliderable  heat,  yet  it  is  neceffary  further 
to  increafe  the  force  of  the  fire  by  the  means  of  a  good  pair 
of  perpetual  bellows,  which  will  produce  an  effect  like  that 
of  a  forge.  The  ore  melts,  the  earth  of  the  Lead  unites 
with  the  phlogiiton  of  the  coals,  and  fo  is  reduced  to  metal, 
which  runs  through  the  coals,  and  falls  into  an  earthen  vef- 
fel  placed  at  the  bottom  of  the  furnace  to  receive  it.  Care 
muft  be  taken  to  keep  this  vefTel  well  filled  with  charcoal- 
dull,  to  the  end  that  the  Lead  may  be  in  no  danger  of  cal- 
cination while  it  continues  there;  the  charcoal-duft  con- 
ftantly  furnifhing  it  with  phlogifton  to  p refer ve  its  metalline 
form. 

The  earthy  and  ftony  matters  that  accompany  the  ore  are 
fcorified  by  this  fufion,  juft  as  they  are  by  the  other  which  is 
performed  in  a  clofe  vefTel.  With  regard  to  the  Sulphur  and 
Arfenic,  they  are  fuppofed  to  have  been  firft  accurately  fepa- 
rited  from  the  ore  by  roafting.  This  is  the  method  common- 
ly employed  for  fmelting  Lead  ore  at  the  works. 


PROCESS     II. 

To  fepardte  head  from  Coppef. 

\T7ITH  luting  earth  and  charcoal- daft  make  a  flat  vefTel, 
\  widening  upwards,  and  large  enough  to  contain  your 
metalline  mafs.  Set  it  (helving  downwards  from  the  back 
towards  the  fore-part;  and  in  the  fore-pare,  at  the  bottom, 
make  a  little  gutter  communicating  with  another  vefTel  of  the 
fame  nature,  placed  near  the  former  and  a  little  lower.  Let 
the  mouth  of  the  gutter  within  fide  the  upper  vefTel  be  nar- 
rowed, by  means  of  a  fmall  iron  plate  fixed  acrofs  it,  while 
the  loam  is  yet  foft;  fo  as  to  leave  a  very  fmall  aperture,  in 
the  lower  part  of  this  canal,  fuiheient  to  discharge  the  Lead 
as  it  melts.  Dry  the  whole  by  placing  lighted  coals  around 
it. 

O  o  When 
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When  this  apparatus  is  dry,  put  your  mixed  mafs  of  Cop- 
per and  Lead  into  the  upper  veffel :  both  in  that,  and  in  the 
other  veffel,  light  a  very  gentle  fire  of  wood  or  charcoal,  fo 
as  not  to  exceed  the  degree  of  heat  neceffary  to  melt  Lead. 
In  fuch  a*  degree  of  heat  the  Lead  contained  in  the  mixed 
mafs  will  melt,  and  you  will  fee  it  run  out  of  the  upper  vef- 
fel  into  the  lower ;  at  the  bottom  of  which  it  will  unite  into 
a  Regulus.  When  in  this  degree  of  heat  no  more  Lead 
flows,  increafe  the  fire  a  little,  fo  as  to  make  the  veffel  mo- 
derately red. 

When  no  more  will  run,  collecl:  the  Lead  contained  in 
the  lower  veffel.  Melt  it  over  again  in  an  iron  ladle,  with  a 
degree  of  fire  fufEcient  to  make  the  ladle  red ;  throw  into  it 
a  little  tallow  or  pitch,  and  while  it  burns  keep  ftirring  the 
metal,  in  order  to  reduce  any  part  of  it  that  may  be  calcin- 
ed. Remove  the  pellicle  or  thin  cruft  which  will  form  on  the 
furface ;  fqueeze  out  all  the  Lead  it  contains,  and  -then  put 
it  to  the  mafs  of  Copper  left  in  the  upper  veffel.  Check  the 
fire,  and  in  the  fame  manner  take  off  a  fecond  fkin  that  will 
form  on  the  furface  of  the  Lead.  Laftly,  when  the  metal  is 
ready  to  fix,  take  off  the  fkin  that  will  then  appear  on  it. 
The  Lead  remaining  after  this  will  be  very  pure,  and  free 
from  all  alloy  of  Copper. 

With  regard  to  the  Copper  itfelf,  you  will  find  it  in  the 
Upper  veffel  eovered  with  a  thin  coat  of  Lead :  and  if  the 
Lead  mixed  with  it  was  in  the  proportion  of  a  fourth  or  a' 
fifth  part  only,  and  the  fire  applied  was  gentle  and  flow,  it 
will  retain  nearly  the  fame  form  after  the  operation  that  the 
mixed  mafs  had  before. 

OBSERVJTIO  N'S. 

Lead  frequently  remains  mixed  with  Copper  after  the  re- 
duction of  its  ore,  efpecially  if  the  ore  was  pyritofe.  Though 
Copper  be  a  much  more  beautiful  and  more  ductile  metal 
than  Lead,  yet  the  latter  by  being  alloyed  with  the  former  is 
rendered  eager  and  brittle.  This  bad  quality  is  eafily  difco- 
vered  by  the  eye  on  breaking  it :  for  the  furface  of  the  broken 
part  appears  all  granulated ;  whereas  when  it  is  pure  it  is 
more  evenly,  and  refembles  a  congeries  of  folid  angles.  If 
she  Lead  be  alloyed  with  a  confiderable  quantity  of  Copper, 
its  colour  hath  a  yellowifh  caft. 

Confidering  the  bad  qualities  which  Copper  communicates 
to  Lead,  it  is  neceffary  to  feparate  thefe  two  metals  from  each 
other.     The  method  above  laid  down  is  the  fimpleft  and  the- 

beft. 
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beft.  It  is  founded  on  two  properties  belonging  to  Lend: 
the  firfl  is  that  of  being  much  more  fufible  than  Copper ;  fo 
that  it  will  melt  and  run  in  a  degree  of  heat  that  is  not  ca- 
pable of  making  the  Copper  even  red-hot,  which  yet  is  very 
far  from  being  able  to  melt  it :  the  fecond  is,  that  Lead, 
though  it  hath  an  affinity  with  Copper,  and  unites  very  per- 
fectly therewith,  yet  is  not  able  to  diffolve  it  without  a  great- 
er heat  than  the  degree  barely  neceffary  to  fufe  Lead.  Hence 
it  comes  that  Lead  may  be  melted  in  a  Copper  veffel,  pro- 
vided no  greater  degree  of  heat  be  applied  than  that  purpofe 
requires.  But  when  the  Lead  becomes  fo  hot  as  to  be  red, 
fume,  and  boil,  it  inftantly  begins  to  diffolve  the  Copper. 
For  this  reafon,  it  is  eflential  to  the  fuccefs  of  our  operation 
that  a  moderate  degree  of  heat  only  be  applied,  and  no  great- 
er than  is  requifite  to  keep  the  Lead  in  fufion. 

Charcoal-dud  is  made  an  ingredient  in  the  compofition  of 
the  Veffels  ufed  on  this  occafion,  in  order  to  prevent  the  cal- 
cination of  the  Lead. 

The  iron  plate,  with  which  the  entrance  of  the  gutter 
within  the  upper  velfel  is  narrowed,  ferves  to  prevent  the 
Jarger  pieces  of  Copper,  which  the  Lead  may  carry  along 
with  it,  from  pafling  through :  it  flops  them,  and  allows  the 
Lead  to  run  off  alone. 

'.  But  as  thefe  parcels  of  Copper  may  entirely  choak  the  paf- 
fage,  care  muft  be  taken,  when  any  happen  to  be  ftopt,  to 
remove  them  from  the  entrance. of  the  gutter,  and  pufh  them 
back  into  the  middle  of  the  veffel.  It  is  alfo  neceffary  to 
obferve  whether  or  no  the  Lead  fixes  any  where  in  the  paf- 
fage;  and,  if  it  does,  the  heat  of  that  part  muft  be  increaf- 
ed,  in  order  to  melt  it  and  make  it  run  off. 

Notwith (landing  all  the  precautions  that  can  be  taken,  to 
hinder  the  melted  Lead  from  carrying  off  any  Copper  with 
it,  it  is  impoffible  to  prevent  this  inconvenience  entirely ; 
and  therefore  the  Lead  is  melted  over  again,  in  order  to  fe- 
parate  the  fmall  portion  of  Copper  with  which  it  is  (till  adul- 
terated. 

As  Copper  is  much  lighter  than  Lead,  if  thefe  two  metals 
happen  to  be  fo  blended  together  that  the  Copper,  without 
being  in  fufion  and  diffoived  by  the  Lead,  is  only  interpofed 
between  the  parts  of  the  melted  Lead,  fo  as  to  fwim  therein, 
it  is  then  precifely  in  the  cafe  of  a  folid  body  plunged  into  a 
fluid  heavier  than  itfelf,  and  muft  rife  to  the  furface,  like 
wood  thrown  into  water.  It  is  proper  to  burn  fome  inflam- 
mable matter  on  this  melted  Lead,  in  order  to  reduce  fucfo 
parts  thereof  as  are  conftantly  calcining  on  its  furface  while 

O  o  2  it 
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it  is  in  fufion  ;  for  without  this  precaution  they  would  be  ta- 
ken off  together  with  the  Copper. 

The  Copper  remaining  after  this  feparation  is,  as  we  took 
notice  before,  (till  mixed  with  a  little  Lead.  If  you  defire 
to  feparate  it  entirely  therefrom,  you  mufl  put  it  into  a  cupel, 
and  expofe  it  under  the  muffle  to  fuch  a  degree  of  fire  as  may 
convert  all  the  Lead  into  litharge.  f  his  cannot  be  lb  done 
but  that  fome  of  the  Copper  alfo  will  be  fcorified  by  the  heat 
of  the  fire,  and  by  the  action  of  the  Lead  :  but  as  there  is  a 
very  great  difference  between  the  facility  and  readinefs  with 
which  thefe  two  metals  calcine,  the  portion  of  Copper  that  is 
calcined,  while  the  whole  Lead  is  turning  into  litharge,  is 
fcarce  worth  confidering. 

The  Lead,  though  carefully  feparated  from  the  Copper  by 
the  procefs  here  delivered,  is  not  yet  abfolutely  pure :  fome- 
times  it  is  alloyed  with  Gold,  and  almoit  always  contains 
fome  Silver.  If  you  would  free  the  Lao  as  much  as  pofii- 
ble  from  any  mixture  of  thefe  two  metals,  you  muf"  convert 
it  into  glafs,  feparate  the  remaining  bead,  and  a-  er wards 
reduce  this  glafs  of  Lead.  But,  as  thefe  two  perfect  metals 
are  of  no  prejudice  to  the  Lead,  it  is  not  ufual  to  feparate 
them  from  it,  unlefs  they  be  in  a  fufhcient  proportion  to  de- 
fray the  charge,  and  produce  fome  profit  besides. 

When  we  examine  by  the  cupel  the  juft  proportion  of 
Gold  and  Silver  that  an  ore  or  a  mixed  metalline  mafs  will 
yield,  we  make  a  previous  allay  of  the  Lead  to  be  employed 
in  the  operation,  and  afterwards,  in  our  eftimate,  deducl  a 
proper  allowance  for  the  quantity  of  fine  metal  due  to  the 
Lead  made  ufe  of. 


PROCESS     III. 

The  Calcination  of  Lead. 

rT^AKE  what  quantity  of  Lead  you  pleafe;  melt  it  in  one 
!  or  more  unglazed  earthen  pans :  a  dark  grey  powder 
will  be  found  on  its  furface.  Keep  ftirring  the  metai  incef- 
fantly  till  it  be  wholly  converted  into  fuch  a  powder,  which 
is  the  Cdlx  of  head. 

OBSERVATIONS. 

As  Lead  is  a  very  fufible  metal,  and  in  that  relpedt  great- 
ly refembles  Tin.  mod  of  the  obfervations  we  made  on  the 
calcination  of  Tin  may  be  applied  here. 


In 
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In  the  calcination  of  all  metals,  and  particularly  in  this  of 
Lead,  there  appears  a  fingular  phenomenon  which  is  not  ea- 
fily  accounted  for.  It  is  this :  though  thefe  matters  lofe  a 
great  deal  of  their  fubftancc,  either  by  the  diflipation  of  their 
phlcgifton,  or  becaufe  fome  of  the  metal,  perhaps,  exhales 
in  vapours,  yet  when  the  calcination  is  over  their  calces  are 
found  to  be  incr^afed  in  weight,  and  this  increafe  is  very 
confidernble.  An  hundred  pounds  of  Lead,  for  example, 
converted  into  Minium,  which  is  nothing  but  a  calx  of  Lead 
brought  to  a  red  colour  by  continuing  the  calcination,  are 
found  to  gain  ten  pounds  weight-,  fo  that  for  an  hundred 
pounds  of  Lead  we  have  one  hundred  and  ten  pounds  of 
Minium:  a  prodigious  and  almoft  incredible  augmentation, 
if  it  be  confidered  that,  far  from  adding  any  thing  to  the 
Lead,  we  have  on  the  contrary  diflipated  part  of  it. 

To  account  for  this  phenomenon  Natural  Philofophers  and 
Chymifts  have  invented  feveral  ingenious  hypothefes,  but 
none  of  them  entirely  fatisfactory.  As  we  have  no  eftablihV 
ed  theory  to  proceed  upon,  we  mall  not  undertake  to  explain 
this  extroardinary  fact. 


PROCESS     IV. 

To  prepare  Glafs  of  Lead. 

TAKE  two  parts  of  Litharge,  and  one  part  of  pure  cry- 
ffcalline  Sand  %  mingle  them  together  as  exactly  as  pof-< 
fible,  adding  a  little  Nitre  and  Sea-falt :  put  this  mixture  in- 
to a  crucible  of  the  mofl  folid  and  moft  compact  earth.  Shut 
the  crucible  with  a  cover  that  may  perfectly  clofe  it. 

Set  the  crucible  thus  prepared  in  a  melting  furnace  5  fill 
the  furnace  with  coals ;  light  the  fire  gradually,  fo  that  the 
whole  may  be  flowiy  heated  :  then  raife  the  fire  fo  as  to  make 
the  crucible  very  red,  and  bring  the  matter  it  contains  into 
fufion  ;  keep  it  thus'  melted  for  a  quarter  of  an  hour. 

Then  take  the  crucible  out  of  the  furnace,  and  break  it : 
in  the  bottom  thereof  you  will  moll  commonly  find  a  fmali 
button  of  Lead,  and  over  it  a  tranfparent  Glafs,  of  a  yellow 
colour  nearly  refembling  that  of  amber.  Separate  this  Glafs 
from  the  little  button  of  metal,  and  from  the  faline  matters 
which  you  will  find  above  it. 

qbser* 
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OBSERVATIONS. 

Pure  Lead,  being  expofed  to  a  ftrong  fire  without  any 
additament,  turns  to  Litharge ;  which  is  a  fcaly  fort  of  fub- 
ftance,  more  or  lefs  yellowifh,  mining,  and  foft  to  the  touch. 
This  is  the  flrft  advance  to  the  Vitrification  of  Lead.  The 
large  refineries  of  Gold  and  Silver  by  the  means  of  Lead  fur- 
nifh  a  great  quantity  of  this  material.  It  is  forpetimes  whit- 
ifh,  and  is  then  called  Litharge  of  Silver ;  fometimes  yel- 
low, and  then  bears  the  name  of  Litharge  of  Gold.  The 
difference  of  its  colour  depends  on  the  degree  of  fire  it  hath 
undergone,  and  on  the  metalline  fubftances  vitrified  with  it. 

Litharge  alone  is  very  fufible,  and  being  expofed  to  the 
fire  is  eafily  converted  into  glafs :  but  this  Glafs  of  Lead, 
made  without  additament,  is  fo  active,  fo  penetrating,  and 
fo  apt  to  fwell,  that  it  can  fcarcely  be  made  ufe  of  when  pure. 
We  are  obliged  in  fome  fort  to  clog  it,  by  uniting  it  with 
fome  vitrifiable  matter  that  is  not  fo  fubtile,  fufch  as  fand ; 
and  it  is  for  this  reafon,  not  to  render  the  mixture  more  fufi- 
ble, that  we  have  dire£ted  the  addition  of  one  third  part  of 
Sand  to  two  thirds  of  Litharge. 

The  Nitre  and  Sea-falt,  prefcribed  as  ingredients  in  the 
mixture,  are  defigned  to  procure  an  equal  fufion  of  the  whole. 
For,  as  the  fand  is  lighter  and  lefe  fufible  than  the  Litharge, 
it  will  partly  rife  towards  the  upper  part  of  the  crucible  when 
that  matter  firft  begins  to  flow  -,  in  confequence  whereof  the 
contents  of  the  upper  part  will  be  much  more  difficult  to 
melt,  and  form  a  Glafs  much  more  compact  than  that  below: 
but  the  Nitre  and  Sea-falt  pofTeifing  the  upper  part  of  the 
crucible,  becaufe  they  are  ftill  lighter  than  the  Sand,  and 
being  in  their  own  nature  very  efficacious  fluxes,  on  account 
of  their  great  fufibility,  they  quickly  bring  about  the  fufion 
of  thofe  particles  of  fand,  which,  having  efcaped  the  action  of 
the  Litharge,  may  have  rifen  unverified  to  its  furface. 

The  moft  difficult  thing  to  procure,  and  yet  the  moft  ne- 
cefiary  to  the  fuccefs  of  this  operation,  is  a  crucible  of  earth 
fo  firm  and  compact  as  not  to  be  penetrated  by  the  Glafs  oif 
Lead,  which  corrodes  and  makes  its  way  through  every 
thing. 

The  precaution  of  chufing  a  crucible,  that  (hall  contain  a 
good  deal  more  than  the  matter  to  be  vitrified,  is  a  neceffary 
one,  becaufe  Litharge  and  Giafs  of  Lead  are  very  apt  to 
fweU, 
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The  rule  to  keep  the  crucible  clofe  fliut  is  alfo  indifpenfa- 
bly  neceflary,  to  prevent  any  bit  of  charcoal,  or  other  inflam- 
mable matter,  from  falling  into  it :  for  when  this  happens  it 
occafions  a  reduction  of  the  Lead,  which  is  always  attended 
with  a  fort  of  efFervefcence,  and  fuch  a  confiderable  heaving, 
that  commonly  moft  of  the  mixture  runs*  over  the  crucible. 
For  the  fame  reafon  it  is  very  proper,  before  you  expofe  the 
mixture  to  the  fire,  to  examine  whether  or  no  it  contains  any 
matter  capable  of  furnifhing  a  phlogifton  during  the  opera- 
tion ;  and  if  it  does,  to  remove  that  matter  with  great  care. 

The  little  button  of  Lead,  found  at  the  bottom  of  the  cru- 
cible after  the  operation,  comes  from  a  fmall  portion  of  Lead 
that  is  commonly  left  in  Litharge,  unlefs  you  prepare  it  care- 
fully yourfelf,  and  do  not  take  it  from  the  fire  till  you  are 
fure  of  having  deftroyed  all  the  Lead.  Befides,  this  fmall 
portion  of  Lead  can  be  of  no  prejudice  to  the  operation,  be- 
caufe  it  cannot  communicate  its  phlogifton  to  the  reft  of  the 
matter. 

The  revivifying  of  Litharge,  of  the  Calx,  and  of  the  Glafe 
of  Lead,  may  be  obtained  by  the  fame  procefles  as  the  re- 
duction of  its  ore. 


PROC'ESS    V. 
Lead  diffblved  by  the  Nitrous  Acid. 

PUT  into  a  matrafs  fome  aquafortis  precipitated  like  that 
ufed  to  diflblve  Silver ;  weaken  it  by  mixing  therewith 
an  equal  quantity  of  common  water ;  fet  the  matrafs  in  a- 
hot  fand-bath ;  throw  into  it,  little  by  little,  fmall  bits  of 
Lead,  till  you  fee  that  no  more  will  diflblve.  Aqua  fortis 
thus  lowered  will  diflblve  about  a  fourth  of  its  weight  of 
Lead. 

There  is  gradually  formed  upon  the  Lead,  as  it  diflblves, 
firft  a  grey  powder,  and  afterwards  a  white  craft,  which  at 
laft  hinder  the  folvent  from  acting  on  the  remaining  part  of 
the  metal ;  and  therefore  the  liquor  fhould  be  made  to  boil, 
and  the  veffel  fhould  be  fhaken  to  remove  thofe  impediments^ 
by  which  means  all  the  Lead  will  be  diffolved. 

OBSERVATIONS. 

Lead  very  much  refembles  Silver,  with  refpecT:  to  the 
phenomena  which  attend  its  diffolution  in  Acids.     For  ex- 
ample,. 
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ample,  the  Nitrous  Acid  mud  be  very  pure  and  uncontami- 
nated  with  the  Vitriolic  or  Marine  Acid,  to  qualify  it  for 
keeping  the  Lead  in  folution  :  for,  if  it  be  mixed  with  either 
the  one  or  the  other  of  thefe  Acids,  the  Lead  will  precipitate 
in  the  form  of  a  white  powder  as  fad  as  it  difiblves  j  which  is 
juft  the  cafe  with  Silver. 

If  the  Vitriolic  Acid  be  mixed  with  the  Nitrous,  the  pre- 
cipitate will  be  a  combination  of  the  Vitriolic  Acid  with 
Lead  ;  that  is,  a  Neutral  Metallic  Salt,  or  Vitriol  of  Lead. 
If  the  Acid  of  Sea-falt  be  mixed  therewith,  the  precipitate 
will  be  a  Plumbum  cornetim ;  that  is,  a  Metallic  Salt  refem- 
blinsr  the  Luna  cornea. 

When  all  the  Lead  is  diiiblved  as  above  defcribed,  the  li- 
quor appears  milky*  If  it  be  kept  warm  over  the  fire  till  lit- 
tle cryftals  begin  to  appear  on  its  furface,  and  afterwards  left 
to  fland  quiet,  in  a  certain  time  there  will  be  found  at  the 
bottom  a  greyim  powder,  which  being  tried  on  Geld  is  Mer- 
curial enough  to  whiten  it.  Little  globules  of  Quick-filver 
are  even  difcernible  in  it. 

We  owe  this  obfervation,  together  with  this  manner  of 
proving  the  exiftence  of  Mercury  in  Lead,  and  of  procuring 
it  from  thence,  to  M.  Grofle,  who  hath  given  an  account  of 
his  procefs  in  the  Memoirs  of  the  Academy  of  Sciences, 
from  whence  we  have  copied  the  defcription  of  the  operation 
in  hand. 

The  folution  being  quickly  poured  off  by  inclination  from 
the  grey  mercurial  precipitate  is  (till  milky,  and  depofites  an- 
other white  fediment.  When  this  fecond  precipitate  fails  the 
liquor  becomes  clear  and  limpid,  and  is  then  of  a  fine  yel- 
low colour,  like  a  folution  of  Gold.  On  this  gold-coloured 
folution,  and  on  the  two  precipitates  above-mentioned,  M. 
GrolTe  made  feverai  cbfervations,  the  chief  of  which  we  ihall 
here  infert. 

The  yellow  liquor  affe£is  the  tongue  at  firfl  with  a  tafte  of 
fweetnefs ;  but  afterwards  vellicates  it  very  fmartly,  and  leaves 
on  it  a  ftrong  fenfation  of  acrimony,  which  continues  for  a 
long  time* 

Alkalis  precipitate  the  Lead  fufpended  in  this  liquor,  juft 
as  they  do  all  other  metals  diiiblved  by  Acids;  and  this  pre- 
cipitate of  Lead  is  white. 

Sea-fak*.  or  Spirit  of  Salt,  feparates  the  Lead  from  its  fol- 
vent,  and  precipitates  it,  as  we  obferved  before,  into  a  Plum- 
bum corneum  :  but  this  precipitate  diirers  from  the  Luna 
tornca,  as  being  very  foluble  in  water;  whereas  the  Luna 
ccrnea.  will  not  diffolve  in  it  at  all ;  or  at  leafl  diifolves  there- 
i  in 
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in  with  great  difficulty,  and  in  a  very  fmall  quantity.  This 
Plumbum  corneum  diffblved  in  water  is  again  precipitated  by 
the  Vitriolic  Acid.  M.  Grdfle  obferves,  that  this  forms  an 
exception  to  the  eighth  column  of  Mr.  Geoffroy's  Table  of 
Affinities;  in  which  the  Acid  of  Sea-falt  is  marked  as  hav- 
ing a  greater  affinity  than  any  other  Acid  with  Metallic  fub.- 
ftances. 

Our  folution  of  Lead  is  alfo  precipitated  in  a  white  pow- 
der by  feveral  Neutral  Salts ;  fuch  as  Vitriolated  Tartar,  A- 
lum,  and  common  Vitriol.  It  is  by  the  means  of  double  af- 
finities that  thefe  Neutral  Salts  effect:  this  precipitation. 

Even  pure  water  alone  is  capable  of  precipitating  the  Lead 
of  our  folution,  by  weakening  the  Acid,  and  thereby  difa- 
bling  it  from  keeping  the  metal  fufpended; 

Laftly,  as  all  che  folutions  of  metals  in  Acids  are  nothing 
but  Neutral  Metallic  Salts  in  a  fluid  form,  fo  if  the  folution 
of  Lead  be  evaporated  over  the  fire,  it  will  moot  into  very 
beautiful  cryftals,  about  the  bignefs  of  hemp-feed,  fhaped 
like  regular  pyramids  having  fquare  bafes.  Thefe  cryftals 
are  yellowifh,  and  have  a  fweet  faccharine  tafte  :  but  what  is 
molt  fingular  in  them  is,  that,  as  they  confift  of  the  Nitrous 
Acid  combined  with  Lead,  which  manifeftly  contains  a  great 
deal  of  phlogifton>  they  constitute  a  Nitrous  Metallic  Salt* 
which  has  the  property  of  deflagrating  in  a  crucible,  without 
the  addition  of  any  other  inflammable  matter.  It  is  extreme- 
ly hard  to  diflblve  this  Salt  in  water. 

The  grey  mercurial  precipitate  which  whitens  Gold,  and 
in  which  little  globules  of  running  Mercury  are  perceivable, 
is  far  from  being  pure  Mercury.  This  metallic  iubftance 
makes  but  a  fmall  part  thereof:  for  it  is  an  aiTemblage*  i.  of 
little  cryftals  of  the  fame  nature  with  thole  afforded  by  tke 
evaporated  folution;  2.  of  a  portion  of  the  white  matter,  or 
powder,  which  renders  the  folution  milky;  3.  of  a  grey 
powder,  which  M.  GroiTe  confiders  as  the  only  mercurial 
part;  4.  and  laftly,  of  little  particles  of  Lead  that  have 
efcaped  the  action  of  the  folvent;  efpecially  if  a  little  more 
Lead  than  the  Acid  is  capable  of  difiblving  were  added 
with  a  view  to  faturate  it  entirely,  as  in  the   prefent  procefs. 

By  means  of  motion  and  heat  the  fmall  parcels  of  Mercu- 
ry may  be  amalgamated  with  the  Lead. 

That  Mercury  mould  be  found  entire  and  in  globules  in 
the  Spirit  of  Nitre,  which  very  eafily  diflblves  that  metallic 
fubftance,  will  not  be  furprizing  to  thofe  who  reflect  that, 
in  the  prefent  cafe,  the  Acid  is  faturated  with  Lead,  with 
which  it  has  a  greater  affinity  than  with  Mercury ;    as  ap- 
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pears  by  M.  Geoffroy's  Table  of  Affinities,  where,  in  the 
column  that  hath  the  Nitrous  Acid  at  top,  Lead  is  placed 
above  Mercury.  Agreeably  to  this,  if  Lead  be  presented  to 
a  folution  of  Mercury  in  Spirit  of  Nitre,  the  Lead  will  be 
dilTolved,  and  as  the  dilTolution  thereof  advances  the  Mercu- 
ry will  precipitate. 

Hence  k  appears  that,  in  order  to  find  any  Mercury  in  the 
fpontaneous  precipitate  of  Lead  ditfblved  by  the  Nitrous 
Acid,  it  is  neceiTary  that  the  Acid  be  entirely  faturated  with 
Lead  ;  or  elfe  that  portion  of  the  Acid  which  remains  unfa- 
turated  will  diiTolve  the  Mercury. 

With  regard  to  the  white  powder  that  renders  the  folution 
milky,  and  afterwards  precipitates,  it  is  nothing  but  a  por- 
tion of  the  Lead,  which,  not  being  intimately  united  with 
the  Acid,  falls  in  part  of  its  own  accord.  It  is  a  fort  of 
calx  of  Lead,  which  being  expofed  to  the  fire  becomes  part- 
ly glafs,  and  partly  Lead,  becaufe  it  ftill  retains  fome  of  its 
phlogifton. 


CHAP.      VII. 

Of  Mercury. 

PROCESS    I. 

To  extracl  Mercury  from  its  Ore,    or  to  revivify  it  from 
Cinabar. 

PULVERIZE  the  Cinabar  from  which  you  would  extract 
the  Mercury ;  with  this  powder  mix  an  equal  part  of  clean 
iron  filings ;  put  the  mixture  into  a  retort  of  glafs  or  iron, 
leaving  at  leaf!  one  third  part  thereof  empty.  Set  the  retort 
thus  prepared  in  a  fand-bath,  fb  that  its  body  may  be  quite 
buried  in  the  fand,  and  its  neck  decline  confiderably  down- 
wards:  fit  on  a  receiver  half  filled  with  water,  and  let  the 
nofe  of  the  retort  enter  about  half  an  inch  into  the  water. 

Heat  the  velTels  fo  as  to  make  the  retort  moderately  red. 
The  Mercury  will  rife  in  vapours,  which  will  condenfe  into 
little  drops,  and  fall  into  the  water  in  the  receiver.  When 
you  fee  that  nothing  more  comes  over  with  this  degree  of 
heat,  increafe  it,  in  order  to  raife  what  Mercury  may  (till  be 
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left.  When  all  the  Mercury  is  thus  brought  over,  take  off 
the  receiver,  pour  out  the  water  contained  in  it,  and  collect: 
the  Mercury. 

OBSERVATIONS. 

Mercury  is  never  mineralized  in  the  bowels  of  the 
earth  by  any  thing  but  Sulphur;  with  which  it  forms  a  com- 
pound of  a  brownifh  red  colour,  known  by  the  name  of  6Y- 
nabar. 

Sometimes  it  is  only  mixed  with  earthy  and  ftony  matters 
that  contain  no  Sulphur  ;  but,  as  this  metallic  fubftance  is 
never  deftitute  of  its  phlogifton,  it  then  has  its  metalline 
form  and  properties.  When  it  is  found  in  this  condition, 
nothing  is  more  eafy  than  to  feparate  it  from  thofe  heteroge- 
neous matters.  For  that  purpofe  no  more  is  jequifite  than 
to  diftil  the  whole  with  a  fire  ftrong  enough  to  raife  the  Mer- 
cury in  vapours.  This  mineral  is  volatile ;  the  earthy  and 
ftony  matters  are  fixed ;  and  a  certain  degree  of.  heat  will 
effect  a  complete  feparation  of  what  is  volatile  from  what  is 
fixed. 

This  is  not  the  cafe  when  Mercury  is  combined  with  Sul» 
phur :  for  this  latter  mineral  is  volatile  as  well  as  Mercury ; 
and  the  compound  refulting  from  the  union  of  them 
both  is  alfo  volatile :  fo  that  if  Cinabar  were  expofed  to  the 
fire  in  clofe  veflels,  as  it  muft  be  to  fave  the  Mercury,  it 
would  be  fublimed  in  fubftance,  without  being  decompofed 
at  all. 

In  order  therefore  to  feparate  thefe  two  fubftances  from 
each  other,  we  muft  have  recourfe  to  the  interposition  of 
fome  third,  which  hath  a  greater  affinity  with  one  of  them 
than  the  other  hath,  and  no  affinity  with  that  other. 

Iron  hath  all  the  conditions  requifite  for  this  purpofe;  fee- 
ing it  hath,  as  may  be  feen  in  the  Table,  a  much  greater  af- 
finity with  Sulphur  than  Mercury  hath,  and  is  incapable  of 
contracting  any  union  with  Mercury. 

Iron,  however,  is  not  the  only  fubftance  that  may  be  em* 
ployed  on  this  occafion :  Fixed  Alkalis,  Abforbent  earths, 
Copper,  Lead,  Silver,  Regulus  of  Antimony,  have  all,  as 
well  as  Iron,  a  greater  affinity  than  Mercury  with  Sulphur, 
Nay,  feveral  of  thefe  fubftances,  namely,  the  faline  and 
earthy  Alkalis,  as  well  as  Regulus  of  Antimony,  cannot 
contract  any  union  with  Mercury:  the  reft,  to  wit,  Copper, 
Lead,  and  Silver,  are  indeed  capable  of  amalgamating  with 
Mercury ;   but  then  the  union  which  thefe  metals  contract; 
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with  the  Sulphur  prevents  it ;  and  even  though  they  fhould 
unite  with  this  metallic  fubilance,  the  degree  of  heat  to 
which  the  whole  mixture  is  expofed  would  foon  carry  up 
the  Mercury,  and  feparate  it  with  eafe  from  thofe  fixed  fub- 
ftances. 

In  this  diflillation  the  fame  cautions  mud  be  obferved  as 
in  all  others:  that  is,  the  vefTels  muft  be  flowly  heated,  efpe- 
cially  if  aglafs  retort  be  ufed ;  the  fire  muft  be  raifed  by  de- 
grees, and  a  much  ftronger  one  applied  at  laft  than  at  firft. 
This  operation  particularly  requires  a  very  ftrong  degree  of 
fire,  when  there  is  but  a  fmall  quantity  of  Mercury  left. 

After  the  operation  there  remains  in  the  retort  a  compound 
of  Iron  and  Sulphur,  which  may  eafily  be  converted  into  a 
crocuSy  by  calcining  it  and  burning  away  the  Sulphur. 

If  a  Fixed  Alkali  be  employed,  a  Liver  of  Sulphur  will 
be  found  in  the  retort  after  the  diflillation. 

If  the  Cinabar  from  which  you  extract,  the  Mercury  be 
good,  you  will  generally  obtain  feven  eighths  of  its  weight  in 
Quick-filver. 

In  the  prefent  operation  it  is  not  necefTary  to  lute  on  the 
receiver,  becaufe  the  water,  in  which  the  nofe  of  the  retort 
is  plunged,  is  fufficient  to  fix  the  Mercurial  vapours.  In 
cafe  the  Cinabar,  from  which  you  intend  to  feparate  the 
Mercury,  be  mixed  with  a  great  quantity  of  heterogeneous, 
but  fixed,  matters,  fuch  as  earths,  ftones,  &c.  it  may  be  fe- 
parated  from  them  by  fubliming  it  with  a  proper  degree  of 
heat,  becaufe  it  is  volatile. 

The  vapours  of  Mercury  are  prejudicial,  and  may  excite 
a  falivation,  tremors,  and  palfies ;  they  fhould  therefore  be 
always  avoided  by  fuch  as  work  on  this  mineral. 

The  oldeft  and  richeft  mine  of  Mercury  is  that  of  Alma- 
den  in  Spain.  It  is  a  fingular  property  of  that  mine  that, 
though  the  Mercury  found  in  it  is  combined  with  Sulphur, 
and  in  the  form  of  Cinabar,  yet  no  additament  is  required 
to  procure  the  feparatipn  of  thefe  two ;  the  earthy  and  flony 
matter,  with  which  the  particles  of  the  ore  are  incorporated, 
being  itfelf  an  excellent  abforbent  of  Sulphur. 

In  the  Quick-filver  works  carried  on  at  this  mine  they 
make  no  ufe  of  retorts.  They  place  lumps  of  the  ore  on  an 
iron  grate,  which/ftands  immedietely  over  the  furnace.  The 
furnaces  which  ferve  for  this  operation  are  clofed  at  the  top 
by  a  fort  of  dome,  behind  which  (lands  the  (haft  of  a  chim- 
ney that  communicates  with  the  fire-place,  and  gives  vent 
to  the  fmoke.  Thefe  furnaces  have  in  their  fore- fide  fixteen 
apertures,  to  each,  of  which  is  luted  an  aludel  in  a  horizon- 
•  :'  tal 
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tal  pofition,  communicating  with  a  long  row  of  other  alu- 
dels  placed  likewife  in  an  horizontal  direction  ;  which  alu- 
dels  fo  connected  together  form  one  long  pipe  or  canal,  the 
further  end  whereof  opens  into  a  chamber  defined  to  receive 
and  condenfe  all  the  mercurial  vapours.  Thefe  rows  of  alu- 
dels  are  fupported  from  end  to  end  by  a  terrafs,  which  runs 
from  the  body  of  the  building,  wherein  the  furnaces  are  e- 
rected,  to  that  where  the  chambers  are  built  that  perform 
the  office  of  receivers. 

This  is  a  very  ingenious  contrivance  and  faves  much  la- 
bour, expence,  and  trouble,  that  would  be  unavoidable  if 
retorts  were  employed. 

That  part  of  the  furnace  which  contains  the  lumps  of  ore, 
ferves  for  the  body  of  the  retort  j  the  row  of  aludcls  for  its 
neck  ;  and  the  little  chambers  in  which  thefe  canals  termi- 
nate are  actual  receivers.  The  terrafs  of  communication, 
which  reaches  from  the  one  building  to  the  other,  is  formed 
of  two  inclined  planes,  the  lower  edges  of  which,  meeting 
in  the  middle  of  the  terrafs,  rite  from  thence  infendbly;  the 
one  quite  to  the  building  where  the  furnaces  are,  and  the 
other  to  that  which  forms  the  recipient  chambers.  By  this 
means,  when  any  Mercury  efcapes  through  the  joints  of  the 
aludels,  it  naturally  runs  down  along  thefe  inclined  planes, 
and  fo  is  collected  in  the  middle  of  the  terrafs,  where  the 
inferior  fides  of  the  planes  meeting  together  form  a  fort  of 
canal,  out  of  which  it  is  eafily  taken  up. 

The  celebrated  M.  de  Jutiieu  having  viewed  the  whole 
himfelf,  in  a  journey  he  made  to  this  mine,  furnifhed  us 
with  this  defcription  of  the  work, 


PROCESS    II. 

To  give  Mercury ,  by  the  atlion  of  Fire,  the  appearance  of  a 
Metalline  Calx. 

PUT  Mercury  into  feveral  little  glafs  matrafTes  with  long 
and  narrow  necks.  Stop  the  matrafTes  with  a  little  pa- 
per, to  prevent  any  dirt  from  failing  into  them.  Set  them 
all  in  one  fand-bath,  fo  that  they  may  be  furrounded  with 
fand  as  high  as  two  thirds  of  their  length.  Apply  the  ftrong- 
eft  degree  of  heat  that  Mercury  can  bear  without  fubiiming  : 
continue  this  heat  without  interruption,  till  all  the  Mercury 
be  turned  to  a  red  powejer.  The  operation  lafts  about  three 
months. 

O'B-SE  li- 
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OBSERVATIONS. 

Mercury  treated  according  to  the  procefs  here  delivered 
hath  all  the  appearance  of  a  metalline  calx,  but  it  hath  no 
more :  for,  if  it  be  expofcd  to  a  pretty  ftrong  degree  of  fire, 
it  fublimes,  and  is  wholly  reduced  to  running  Mercury, 
without  the  addition  of  any  other  inflammable  matter;  which 
proves  that  during  this  long  calcination  it  loft  none  of  its 
phlogifton, 

The  volatile  nature  of  Mercury,  which  permits  it  not  to 
bear  a  heat  of  any  ftrength  without  fubliming,  prevents  our 
examining  all  the  effects  that  fire  is- capable  of  producing  on 
it.  Yet  there  is  reafon  to  believe  that,  as  this  metallic  fub- 
ftance  refernbles  the  perfect  metals  in  its  weight,  its  fplen- 
dour,  and  a  brilliancy  which  refills  all  the  irnpreflions  of  the 
air  without  alteration,  it  would  like  them  be  unchange- 
able by  the  greatefl  force  of  fire,  if  it  were  fixed  enough  to 
bear  it. 

In  order  to  give  Mercury  the  form  of  a  metalline  calx,  it 
muft  neceffarily  be  expofed  for  about  three  months  together, 
to  the  utmoft  heat  it  can  bear  without  fubliming,  as  is  above 
directed.  Boerhaave  kept  it  digefting  in  a  lefs  heat  for  fif- 
teen years  fucceffively,  both  in  open  and  in  clofe  vefTels, 
without  obferving  it  to  fuffer  the  leaft  change ;  except  that 
there  was  formed  upon  its  furface  a  fmall  quantity  of  a  black 
powder,  which  was  reduced  to  running  Mercury  by  tritura- 
tion alone. 

Mercury  thus  converted  to  a  red  powder  is  known  in  chy- 
miftry  and  medicine  by  the  name  of  Mercury  precipitated 
per  fe :  a  title  proper  enough,  as  it  is  actually  reduced  to 
the  form  of  a  precipitate,  and  that  without  any  additament ; 
but  very  improper  on  the  other  hand,  confidering,  that  in 
reality  this  Mercury  is  not  a  precipitate,  as  not  having 
been  feparated  from  any  menftruum  in  which  it  was  dif- 
folved. 


PROCESS    III. 

To  dijfolve  Mercury  in  the  Vitriolic  Acid.     Turbith  Mineral. 

PUT  Mercury  into  a  glafs  retort,  and  pour  on  it  thrice  its 
weight  of  good  Oil  of  Vitriol.      Set  the  retort  in   a 
fand  bath;  fit  on.  a  recipient;  warm  the  bath  by  degrees  till 

the 
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the  liquor  juft  fimmer.  With  this  heat  the  Mercury  will 
begin  to  diflblve.  Continue  the  fire  in  this  degree  till  all  the 
Mercury  be  diflblved. 

OBSERVATIONS. 

The  Vitriolic  Acid  diflblves  Mercury  pretty  well:  but 
For  this  purpofe  the  Acid  muft  be  very  hot,  or  even  boil ;  and 
then  too  it  is  a  very  long  time  before  the  d  involution  is  com- 
pleted. "We  have  directed  the  operation  to  bt  performed  in 
a  retort;  becaufe  this  folution  is  ufually  employed  to  make 
another  preparation  called  Turbitb  Mineral,  which  requires 
that  as  much  as  poflible  of  the  Acid  foivent  be  abftra6led  by 
diftillation.  Having  therefore  diflblved  your  Mercury  in  the 
Vitriolic  Acid,  if  you  will  now  prepare  the  Turbith,  you 
muft,  by  continuing  to  heat  the  retort,  drive  over  all  the  li- 
quor into  the  receiver,  and  diftil  till  nothing  remains  but  a 
white  powdery  matter:  then  break  the  retort;  pulverize  its 
contents  in  a  glafs  mortar,  and  thereon  pour  common  water, 
which  will  immediately  turn  the  white  matter  of  a  lemon- 
colour  ;  warn  this  yellow  matter  in  five  or  fix  warm  waters, 
and  it  will  be  what  is  called  in  medicine  Turbith  Mineral ; 
that  is,  a  combination  of  the  Vitriolic  Acid  with  Mercury, 
five  or  fix  grains  whereof  is  a  violent  purgative,  and  alfo  an 
emetic ;  qualities  which  it  poflefles  in  common  with  the  Ve- 
getable Turbith,  whofc  name  it  hath  therefore  taken. 

There  rifes  out  of  the  retort,  both  while  the  Mercury  is 
difiblving,  and  while  the  foivent  is  aburacling,  a  weak  Spi- 
rit of  Vitriol ;  becaufe  a  great  part  of  the  Acid  remains 
united  with  the  Qmck-filver,  which  at  laft  appears  in  the 
form  of  a  white  powder :  fo  that,  if  you  do  not  incline  to 
fave  the  Acid  which  riles  on  this  occafion,  you  may,  inftead 
of  drawing  ofF  the  liquor  in  a  retort,  evaporate  it  in  a  glafs 
bafon  fet  on  a  fand-bath,  which  will  be  much  fooner  done. 

It  is  very  remarkable  that,  on  this  occafion,  the  Mercury 
may  be  expofed,  without  any  danger  of  fubliming,  to  a 
much  greater  heat  than  it  is  capable  of  bearing  when  not 
combined  with  the  Vitriolic  Acid;  which  {hews  that  this 
Acid  hath  the  property  of  fixing  Mercury  to  a  certain  de- 
gree. 

The  white  matter,  that  remains  after  the  evaporation  of 
the  fluid,  is  one  of  the  moft  violent  corrofives,  and  would 
prove  an  aclual  poifon  if  taken  internally.  By  wafhing  it 
feveral  times  in  warm  water  it  is  freed  from  a  great  deal  of 
its  Acid,  and  fo  confiderably  fweetened.     The  proof  is  this; 


304  ELEMENTS     or     the         Sea,  a* 

if  the  water  ufed  in  warning  the  Turbith  be  evaporated, 
there  remains  after  the  evaporation  a  matter  in  form  of  a 
Salt,  that  being  fet  in  a  cellar  runs  into  a  liquor  called  Oil  of 
Mercury,  which  is  a  powerful  corrofive.  Several  authors 
further  direct  Spirit  of  Wine  to  be  burnt  on  the  Turbith,  to 
fweeten  it  (fill  more. 

If,  inftead  of  wafhing  the  white  matter  that  remains  after 
the  moifture  is  drawn  off,  frefh  Oil  of  Vitriol  be  poured  on 
it,  and  then  abftratled  as  before;  this  treatment  being  re- 
peated two  or  three  times,  there  will  at  laft  remain  in  the 
retort  a  matter  having  the  appearance  of  an  oil,  which  re- 
fills the  action  of  the  fire,  and  cannot  be  deliccated :  quali- 
ties which  are  owing  to  the  great  quantity  of  Acid  particles 
thus  united  with  the  Mercury.  This  Oil  of  Mercury  is  one 
of  the  moft  violent  corrofives.  The  Mercury  may  be  fepa- 
rated  therefrom,  by  precipitating  it  with  an  Alkali,  or  a  me- 
tallic fubftance  that  hath  more  affinity  than  Mercury  with 
the  Vitriolic  Acid :  Iron,  for  inftance,  may  be  employed  in 
this  precipitation.  Mercury  thus  feparated  from  the  Vitri- 
olic Acid  need  only  be  diftilled  to  recover  the  form  of  Quick- 
silver. 


PROCESS     IV. 

To  combine  Mercury  with  Sulphur.     Mthiops  Mineral. 

11  |"IX  a  dram  of  Sulphur  with  three  drams  of  Quick- 
JlV Jl  Giver,  by  triturating  the  whole  in  a  glafs  mortar  with 
a  glais  peftle.  By  degrees,  as  you  triturate,  the  Mercury 
will  difappear,  and  the  matter  will  acquire  a  black  colour. 
Continue  the  triture  till  vou  cannot  perceive  the  leafl  parti- 
cle of  running  Mercury.  The  black  matter  you  will  then 
have  in  the  mortar  is  known  in  medicine  by  the  name  of 
JEthiops  Mineral.  An  iCthiops  may  alfo  be  made  by  fire 
in  the  following  manner- 

In  a  mallow  unglazed  earthen  pan  melt  one  part  of  flowers 
of  Sulphur :  add  three  parts  of  running  Mercury,  making  it 
fall  into  the  pan  in  the  form  of  fmall  rain,  by  fqueezing  it 
through  chamoy  leather.  Keep  ftirring  the  mixture  with  the 
(hank  of  a  tobacco-pipe  all  the  while  the  Mercury  is  falling  : 
you  will  fee  the  matter  grow  thick  and  acquire  a  black  co- 
lour. When  the  whole  is  thoroughly  mixed,  fet  fire  to  it 
with  a  match,  and  let  as  much  of  the  Sulphur  burn  away  as 
will  flame. 

0  U  S  E  R- 
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OBSERVATIONS, 

Mercury  and  Sulphur  unite  together  with  great  eafe; 
Cold  triture  alone  is  fufficient  to  join  them.  By  this  mcanS 
the  Mercury  is  reduced  into  exceeding  fmall  atoms,  and 
combines  fo  perfectly  with  the  Sulphur  that  the  lead  veftige 
thereof  is  not  to  be  feen. 

Sulphur  is  not  the  only  matter  which  being  rubbed  with 
Mercury  will  deftroy  its  form  and  fluidity  :  all  fat  fubftanceS 
that  have  any  degree  of  confidence,  fuch  as  the  fat  of  ani* 
mals,  balfams,  and  refins,  are  capable  of  producing  the 
fame  effect.  This  metallic  fubftance,  being  triturated  for 
fome  time  in  a  mortar  with  thefe  matters,  becomes  at  laft 
invifible,  and  communicates  to  them  a  black  colour.  When 
thus  divided  by  the  interpofition  of  heterogeneous  particles* 
it  is  faid  to  be  Killed,  But  Mercury  doth  not  contract:  fuch 
an  intimate  union  with  thefe  other  matters  aS  it  doth  with 
Sulphur. 

The  -/Ethiops  prepared  by  fufion  is  a  more  perfect  and  ac- 
curate combination  of  Mercury  and  Sulphur  than  the  other  : 
for,  the  quantity  of  Sulphur  directed  to  be  ufed  in  making 
it  being  much  greater  than  is  abfolutely  neceflary  to  fix  the 
Mercury,  the  redundant  Sulphur  is  deftroyed  by  burning* 
and  none  left  but  what  is  mod  intimately  united  with  the 
Mercury  \  and  hindered  by  the  union  it  hath  contracted  with 
that  metallic  fubftance  from  being  fo  eafily  confumed.  The 
^Ethiops  therefore,  which  is  prepared  by  fufion  and  burning 
the  Sulphur,  contains  a  much  greater  proportion  of  Mer- 
cury than  that  which  is  made  by  fimple  triture  ;  fo  that  in 
Medicine  it  ought  to  be  prefcribed  in  different  cafes,  and  in 
fmaller  dofes. 

If  no  more  Sulphur  than  is  juft  neceflary  to  kill  the  Mer* 
cury  be  added  to  it  at  firft,  it  will  be  difficult  to  obtain  a 
perfect  mixture  ;  becaufe  that  quantity  is  very  fmall :  it  is 
better,  therefore,  to  employ  at  once  the  quantity  above  di- 
rected. 


Q  q  PROCESS 
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PROCESS    V. 

To  fublime  the  Combination  of  Mercury  and  Sulphur  int9 
Cinabar. 

GRIND  to  powder  ^thiops  mineral  prepared  by  fire. 
Put  it  into  a  cucurbit;  fit  thereto  a  head ;  place  it  in  a 
fand-bath,  and  begin  with  applying  fuch  a  degree  of  heat  as 
is  requifite  to  fublime  Sulphur.  A  black  matter  will  rife, 
and  adhere  to  the  fides  of  the  verTel.  When  nothing  more 
will  rife  with  this  degree  of  heat,  raife  the  fire  fo  as  to  make 
the  fand  and  the  bottom  of  the  cucurbit  red ;  and  then  the 
remaining  matter  will  fublime  in  the  form  of  a  brownifh 
red  mafs,  which  is  true  Cinabar. 

OBSERVATIONS. 

^Ethiops  Mineral  requires  nothing  but  fublimation  to 
become  true  Cinabar,  like  that  found  in  Quick-filver  mines: 
but  our  ^Echiops  contains  ftill  more  Sulphur  than  ought  to 
be  in  the  compofition  of  Cinabar;  for  which  reafon  we 
have  directed  the  degree  of  fire  applied  at  firft  to  be  no  great- 
er than  that  which  is  capable  of  fubliming  Sulphur.  As 
Cinabar,  thougb  conikfing  of  Mercury  and  Sulphur,  is  yet 
much  lefs  volatile  than  either  of  thefe  fubftances  alone; 
which  probably  arifes  from  the  Vitriolic  Acid  contained  in 
the  Sulphur;  therefore,  if  there  be  any  redundant  Sulphur 
in  the  JEthiops,  which  hath  not  contracted  an  intimate  uni- 
on with  the  Mercury,  it  will  fublime  by  itfelf  in  this  firft  de- 
gree of  heat.  Some  mercurial  particles  alfo  will  rife  with  it, 
and  give  it  a  black  colour. 

Cinabar  contains  no  more  Sulphur  than  about  a  fixth  or  fe- 
venth  part  of  its  weight :  fo  that,  inftead  of  employing  the 
common  jEthiops  to  make  it,  it  would  be  better  to  prepare 
one  on  purpofe  that  fhould  contain  much  lefs  Sulphur;  be- 
caufe  too  much  Sulphur  prevents  the  fuccefs  of  the  operation 
by  blackening  the  Sublimate.  Indeed  in  whatever  manner 
you  go  about  it,  the  Cinabar  always  appears  black  at  firft  : 
but  when  it  is  well  prepared,  and  contains  no  more  than  its 
due  proportion  of  Sulphur,  the  blacknefs  is  only  external. 
This  black  coat  therefore  may  be  taken  orT;  and  then  the  in- 
ternal part  will  appear  of  a  fine^red,  and,  if  fublimed  a  fe- 
cond  time,  will  be  very  beautiful. 

As 
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As  artificial  Cinabar  hath  the  fame  properties  with  the  na- 
tive, it  may  be  decompofed  by  the  fame  means :  fo  that,  if 
you  want  to  extract  the  Mercury  out  of  it,  recourfe  muft 
be  had  to  the  procefs  above  delivered  for  working  on  Cina- 
bar ores. 


PROCESS    VI. 

To  dijjblve  Mercury  in  the  Nitrous  Acid.     Sundry  Mercurial 
Precipitates. 

PUT  into  a  matrafs  the  quantity  of  Mercury  you  intend 
to  diflblve:  pour  on  it  an  equal  quantity  of  good  Spirit 
of  Nitre,  and  fet  the  matrafs  in  a  fand-bath  moderately  heat- 
ed. The  Mercury  will  diflblve  with  the  phenomena  that 
ufually  attend  the  diflblutions  of  metals  in  this  Acid  When 
the  diflblution  is  completed  let  the  liquor  cool.  You  will 
know  that  the  Acid  is  perfe&y  faturated,  if  there  remain  at 
the  bottom  of  the  veflel,  notwithftanding  the  heat,  a  little 
globule  of  Mercury  that  will  not  diflblve. 

OBSERVATIONS, 

Mercury  diflblves  in  the  Nitrous  Acid  with  much  more 
facility,  and  in  much  greater  quantity,  than  in  the  Vitriolic  5 
fo  that  it  is  not  neceflary,  on  this  occafion,  to  make  the  li- 
quor boil.  This  folution  when  cold  yields  cryftals,  which 
are  a  Nitrous  Mercurial  Salt.  If  you  defire  to  have  a  clear 
limpid  folution  of  Mercury,  you  muft  employ  an  aqua  for~ 
tis  that  is  not  tainted  with  the  Vitriolic  or  Marine  Acid : 
for,  the  affinity  of  thefe  two  Acids  with  Mercury  being 
greater  than  that  of  the  Nitrous  Acid,  they  precipitate  it  in 
the  form  of  a  white  powder,  when  they  are  mixed  with  the 
folvent. 

Mercury  thus  precipitated  in  a  white  powder,  out  of  a  fo- 
lution thereof  in  the  Spirit  of  Nitre,  is  ufed  in  Medicine. 
To  obtain  this  precipitate,  which  is  known  by  the  name  of 
the  White  Precipitate,  Sea-falt  diflblved  in  water  together 
with  a  little  Sal  Ammoniac  is  ufed ;  and  the  precipitate  is 
warned  feveral  times  in  pure  water,  without  which  precau- 
tion it  would  be  corrofive,  on  account  of  the  great  quantity 
of  the  Marine  Acid  which  it  would  contain. 

The  preparation  known  by  the  name  of  Red  Precipitate 
is  alfo  obtained  from  our  folution  of  Mercury  in  Spirit  of 

Q^q  2  Nitre* 
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Nitre.  It  is  made  by  abftracling  all  the  moifture  of  the  fo- 
lution,  either  by  diftillation  in  a  retort,  or  by  evaporation  in 
a  glafs  bafon  fet  on  a  fand-bath.  When  it  begins  to  grow 
dry  it  appears  like  a  white  ponderous  mafs.  Then  the  fire 
is  made  ftrong  enough  to  drive  off  almoft  all  the  Nitrous 
Acid,  which,  being  now  concentrated,  rifes  in  the  form  of 
red  vapours.  If  thefe  vapours  be  catched  in  a  receiver,  they 
condenfe  into  a  liquor,  which  is  a  very  ftrong  and  vaftly 
fmoking  Spirit  of  Nitre. 

By  degrees,  as  the  Nitrous  Acid  is  forced  up  by  the  fire, 
the  mercurial  mafs  lofes  its  white  colour,  and  becomes  firft 
yellow,  and  at  laft  very  red.  When  it  is  become  entirely  of 
this  laft  colour  the  operation  is  finifhed.  The  red  mafs  re- 
maining is  a  Mercury  that  contains  but  very  little  Acid,  in 
cpmparifon  of  what  it  did  while  it  was  white :  and  indeed 
the  firft  white  mafs  is  fuch  a  violent  corrofive,  that  it  cannot 
be  ufed  in  Medicine;  whereas,  when  it  is  become  red,  it 
makes  an  excellent  efcharotic,  which  thofe  who  know  how 
to  ufe  it  properly  apply  with  very  great  fuccefs,  particularly 
to  venereal  ulcers. 

This  preparation  is  very  improperly  called  a  Precipitate  ,* 
for  the  Mercury  is  not  feparated  from  the  Spirit  of  Nitre  by 
the  interpofition  of  any  other  fubftance,  but  only  by  evapo- 
rating the  Acid.     It  is  alfo  called  Arcanum  Corallinum. 

It  muft  be  obferved  that  Mercury,  by  its  union  with  the 
Nitrous  Acid,  acquires  a  certain  degree  of  fixity :  for  the 
red  precipitate  is  capable  of  fuftaining,  without  being  vola- 
tilized, a  ftronger  degree  of  heat  than  pure  Mercury  can; 
•which,  as  we  obferved  before,  is  the  property  of  Turbith 
Mineral  alfo. 


PROCESS    VII. 

To  combine  Mercury  with  the  Acid  of  Sea-falt.      Corrofive 
Sublimate, 

EVAPORATE  a  folution  of  Mercury  in  the  Nitrous 
Acid  till  there  remain  only  a  white  powder,  as  men- 
tioned in  our  obfervations  on  the  preceding  procefs.  With 
this  powder  mix  as  much  Green  Vitriol  calcined  to  white- 
nefs,  and  as  much  decrepitated  Sea-falt,  as  there  was  Mer- 
cury in  the  folution.  Triturate  the  whole  carefully  in  a  glafs 
mortar.  Put  this  mixture  into  a  matrafs,  fo  that  two  thirds 
thereof  may  remain  empty,  having  firft  cut  off  the  neck  to 

half 
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half  its  length  :  or  inftead  thereof  you  may  ufe  an  apotheca- 
ry's phial.  Set  your  veflel  in  a  fand-bath,  and  put  fand 
round  it  as  high  as  the  contents  can  reach.  Apply  a  mode- 
rate fire  at  firft,  and  raife  it  by  flow  degrees.  Vapours  will 
begin  to  afcend.  Continue  the  fire  in  the  fame  degree  till  they 
ceafe.  Then  ftop  the  mouth  of  the  veflel  with  paper,  and 
increafe  the  fire  till  the  bottom  of  the  fand-bath  be  red-hot. 
With  this  degree  of  heat  a  Sublimate  will  rife,  and  adhere 
to  the  infide  and  upper  part  of  the  veflel,  in  the  form  of 
white,  femi-tranfparent  cryftals.  Keep  up  the  fire  to  the 
fame  degree  till  nothing  more  will  fublime.  Then  let  the 
veflel  cool ;  break  it,  and  take  out  what  is  fublimed,  which 
is  Corrojive  Sublimate, 

OBSERVATIONS, 

Jn  this  operation  the  mineral  Acids  a£t,  and  are  ac"led 
upon,  in  a  remarkable  manner.  Every  one  of  the  three  is 
at  firft  neutralized,  or  united  with  a  different  bails  ;  the  Vi- 
triolic being  combined  with  Iron  ;  the  Nitrous  with  Mercury, 
forming  therewith  a  Nitrous  Mercurial  Salt;  and  the  Marine 
with  its  natural  Alkaline  bafis.  The  Vitriolic  and  Nitrous 
Acids,  which  are  united  with  metalline  fubftances,  being 
both  ftronger  than  the  Acid  of  Sea-falt,  ftrive  to  expel  it 
from  its  balls,  in  order  to  combine  with  it  themfelves;  but 
the  Vitriolic  Acid,  being  the  flrongeft  of  the  two,  would 
take  fole  poffeffion  of  this  bafis  exclufive  of  the  Nitrous, 
which  would  continue  united  with  the  Mercury,  if  the  Ma- 
rine Acid  had  not  a  greater  affinity  than  the  Nitrous  with 
this  metallic  fubftance.  This  Acid  therefore  being  expelled 
from  its  bafis  by  the  Vitriolic  Acid,  and  fofet  at  liberty,  rauft 
unite  with  the  Mercury,  and  feparate  the  Nitrous  Acid  from 
it ;  which  now  hath  no  refource  but  to  unite  with  the  Iron 
deferted  by  the  Vitriolic  Acid.  But  as  all  thefe  changes  are 
brought  about  by  the  means  of  a  confiderable  heat,  and  as 
the  Nitrous  Acid  hath  not  a  very  firm  connection  with  the 
Iron,  it  is  driven  off  by  the  force  of  the  fire  ;  and  this  it  is 
which  we  fee  rife  in  vapours  during  the  operation.  It  alio 
carries  off  with  it  fome  parts  of  the  other  two  Acids,  but  in 
a  very  fmall  quantity.  After  the  operation  therefore  there 
remains,  1.  A.  combination  of  the  Vitriolic  Acid  with  the 
bafis  of  Sea-falt ;  that  is,  a  Glauber's  Salt :  2.  A  red 
martial  earth,  being  that  which  was  the  bafis  of  the  Vitriol : 
thefe  two  fubftances  are  blended  together,  and  remain  at  the. 
bottom  of  the  veffd  becaufe  of  their  fixity:  3,  A  combina- 
tion 
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tion  of  the  Marine  Acid  with  Mercury;  both  of  which  be- 
ing volatile,  they  afcend  together  into  the  upper  part  of  the 
vefiel,  and  there  form  a  Corrofive  Sublimate. 

If  we  reflect  on  this  procefs  with  attention,  and  recollect 
diftinclly  the  affinities  of  the  different  fubftances  employed 
in  it,  we  fhall  perceive  that  it  is  not  neceflary  to  make  ufe  of 
all  thofe  matters,  and  that  the  operation  would  fucceed 
though  feveral  of  them  were  left  out. 

Firft,  the  Nitrous  Acid  may  be  omitted;  fince,  as  hath 
been  fhewn,  it  is  not  an  ingredient  in  the  Sublimate,  but  is 
diffipated  in  vapours  during  the  operation.  From  an  accu- 
rate mixture  therefore  of  Vitriol,  Sea-falt,  and  Mercury,  a 
Corrofive  Sublimate  muft  be  obtained:  for  as  the  Acid  of 
the  Vitriol  will  difengage  the  Acid  of  Sea-falt,  the  latter 
will  be  at  liberty  to  combine  with  the  Mercury,  and  fo  form 
the  compound  we  are  in  queft  of. 

Secondly,  if  we  make  ufe  of  Mercury  diflblved  by  the 
Nitrous  Acid,  we  may  omit  the  Vitriol;  becaufe  the  Ni- 
trous Acid  having  a  greater  affinity  than  the  Marine  Acid 
itfelf  with  the  bails  of  Sea-falt,  and  the  Acid  of  Sea-falt 
having  a  greater  affinity  than  the  Nitrous  Acid  with  Mercu- 
ry, thefe  two  Acids  will  naturally  make  an  exchange  of  the 
bafes  with  which  they  are  united :  the  Nitrous  will  lay  hold 
on  the  bafis  of  Sea-falt,  and  form  a  quadrangular  Nitre, 
while  the  Marine  Acid  will  join  the  Mercury,  and  with  it 
form  a  Corrofive  Sublimate. 

Thirdly,  inftead  of  Sea-falt  its  Acid  only  may  be  employ- 
ed ;  which  being  mixed  with  the  folution  of  Mercury  in  the 
Spirit  of  Nitre,  will,  by  virtue  of  its  greater  affinity  with 
that  metallic  fubftance,  feparate  it  from  the  Nitrous  Acid, 
unite  with  it,  and  form  a  white  mercurial  precipitate,  which 
need  only  be  fublimed  to  become  the  combination  required. 

Fourthly,  inftead  of  Mercury  diflblved  in  the  Nitrous 
Acid,  Mercury  diflblved  by  the  Vitriolic  Acid,  or  Turbith, 
may  be  ufed;  only  mixing  Sea-falt  therewith  :  for  thefe  two 
faline  fubftances  will  mutually  decompound  each  other,  by 
virtue  of  the  affinities  of  their  Acids,  and  for  the  fame  rea- 
fons  that  Sea-falt  and  the  Mercurial  Nitrous  Salt  decom- 
pound each  other.  The  Vitriolic  Acid  quits  the  Mercury 
with  which  it  is  combined,  to  unite  with  the  bafis  of  the 
Sea-falt;  and  the  Acid  of  this  Salt  being  expelled  by  the  Vi- 
triolic, combines  with  the  Mercury,  and  confequentJy  forms 
our  Corrofive  Sublimate.  In  this  cafe  a  Glauber's  Salt  re- 
mains after  the  fublimaticn. 

Thefe 
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Thefe  feveral  methods  of  preparing  Corrofive  Sublimates 
are  never  ufed,  becaufe  each  of  them  is  attended  with  fome 
inconvenience ;  fuch  as  requiring  too  long  triture,  yielding 
a  Sublimate  lefs  corrofive  than  it  fliould  be,  or  a  fmaller 
quantity  of  it.  We  mud,  however,  except  the  lad;  which 
was  invented  by  the  late  Mr.  Boulduc,  of  the  Academy 
of  Sciences,  who  found  none  of  thefe  inconveniencies  at- 
tending it  *. 

Corrofive  Sublimate  may  nlfo  be  made  only  by  mixing 
Mercury  with  Sea-falt,  without  any  additament.  This  may 
appear  furprizing  when  we  confider  that,  as  Acids  have  a 
greater  affinity  with  Alkalis  than  with  metallic  fubftances, 
the  Acid  of  Sea-falt  ought  not  to  quit  its  bafis,  which  is  Al- 
kaline, to  unite  with  Mercury. 

In  order  to  explain  this  phenomenon  it  mud  be  remem- 
bered that  Sea-falt,  when  expofed  to  the  fire  without  addita- 
ment, fufFers  a  little  of  its  Acid  to  efcape.  Now  this  por- 
tion of  the  Marine  Acid  unites  with  the  Mercury,  and  forms 
a  Corrofive  Sublimate.  Moreover,  as  there  is  a  pretty  ftrong 
affinity  between  the  Marine  Acid  and  Mercury,  this  may 
help  to  detach  from  the  Sea-falt  a  greater  quantity  of  Acid 
than  it  would  otherwife  part  with.  Neverthelefs,  the  quan- 
tity of  Sublimate  obtained  by  this  means  is  not  considerable, 
nor  is  it  very  corrofive. 

On  this  occafion  we  muft  alfo  mention  another  combina- 
tion of  the  Marine  Acid  with  Mercury;  which  is  made  by 
mixing  that  metallic  fubftance  perfectly  with  Sal  Ammoniac, 
by  the  means  of  triture.  Mercury,  like  all  other  metals  ex- 
cept Gold,  pofTefles  the  property  of  decompounding  Sal  Am- 
moniac, feparating  the  volatile  Alkali  which  ferves  it  for  a 
bafis,  and  combining,  by  the  help  of  a  very  gentle  heat, 
with  its  Acid,  which  is  well  known  to  be  the  fame  with  that 
of  Sea-falt.  This  decompofition  of  Sal  Ammoniac,  by  the 
metalline  fubftances,  is  a  full  exception  to  the  firft  column 
of  Mr.  Geoffroy's  Table  of  Affinities,  and  is  the  bafis  of 
feveral  new  Medicines  invented  by  the  late  Comte  de  la  Ga- 
raye  f. 

Corrofive  Sublimate  is  the  mod  violent  and  the  moft  active 
of  all  corrofive  poifons.  It  is  never  ufed  in  Medicine,  but 
in  external  applications.     It  is  a  powerful  efcharotic ;  it  de- 


*  See  the  Memoirs  of  the  Academy  for  1730. 

f  See  the  Memoir  given  in  by  me  on  this  fubject  to  the  Academy  of  Sci- 
ences in  the  Memeires  I'Acadamie  1754. 

ftroys 
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ftroys  proud  flefh,  and  cleans  old  ulcers  :  but  it  muft  be  ufed 
by  thofe  only  who  know  how  to  apply  it  properly,  and  re- 
quires an  able  hand  to  manage  it.  It  is  not  commonly  ap- 
plied by  itfelf,  but  mixed  in  the  proportion  of  half  a  dram 
to  a  pound  of  lime-water.  This  mixture  is  yellowifh,  and 
bears  the  name  of  Aqua  Phagadenica. 

Water  diflblves  Corrofive  Sublimate,  but  in  a  fmall  quan- 
tity. If  a  Fixed  Alkali  be  mixed  with  this  folution,  the 
Mercury  precipitates  in  the  form  of  a  red  powder.  If  the 
precipitate  be  procured  by  a  Volatile  Alkali,  it  is  white;  if 
by  Lime-water,  it  is  yellow.  This  Mercurial  Salt  diflblves 
pretty  eafily  in  boiling  Spirit  of  Wine. 


PROCESS     VIII. 

Sweet  Sublimate. 

TAKE  four  parts  of  Corrofive  Sublimate*  pulverize  it 
in  a  glafs  or  marble  mortar ;  add  by  little  and  little 
three  parts  of  Mercury  revivified  from  Cinabar ;  triturate  the 
whole  carefully,  till  the  Mercury  be  perfectly  killed,  fo  that 
no  globule  thereof  can  be  perceived.  The  matter  will  then 
be  grey.  Put  this  powder  into  an  apothecary's  phial,  or  in- 
to a  matrafs,  whofe  neck  is  not  above  four  or  five  inches 
long,  leaving  two  thirds  thereof  empty.  Set  the  vefTel  in  a 
fand-bath,  and  put  fand  round  it  to  one  third  of  its  heighth. 
Apply  a  moderate  fire  at  firft ;  and  afterwards  raife  it  gradu- 
ally till  you  perceive  that  the  mixture  fublimes.  Keep  it  up 
10  this  degree  till  nothing  more  will  rife,  and  then  break  the 
vefTel.  Reject:,  as  ufelefs,  a  fmall  quantity  of  earth  which 
you  will  find  at  the  bottom  ;  Teparate  aifo  what  adheres  to  the 
neck  of  the  vefTel,  and  carefully  collect  the  matter  in  the 
middle,  which  will  be  white.  Pulverize  it ;  fublime  it  a 
fecond  time,  in  the  fame  manner  as  before  ;  and  in  the  fame 
manner  feparate  the  earthy  matter  left  at  the  bottom  of  the 
vefTel,  and  what  you  find  fublimed  into  the  neck.  Pulve- 
rize, and  fublime  a  third  time,  the  white  matter  you  laft 
found  in  the  middle.  The  white  matter  of  this  third  fubli- 
mation  is  the  Sweet  Sublimate,  called  alfo  Jquila  Alba, 

OBSERVATIONS. 

The  Acid  of  Sea-falt  in  the  Corrofive  Sublimate  is  very 
far  from  being  perfectly  faturated  with  Mercury ;  and  thence 

„    comes 
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comes  the  corrofive  quality  df  this  faline  compound.  But 
though  Mercury,  as  appears  by  this  combination,  is  capable 
of  imbibing  a  much  greater  quantity  of  Acid  than  is  necef- 
fary  to  diffolve  it ;  nay,  though  it  naturally  takes  up  this  fu- 
perabundant  quantity  of  Acid,  yet  it  doth  not  follow  from 
thence  that  this  redundant  Acid  may  not  combine  with  Mer- 
cury to  the  point  of  perfect  faturation,  fo  as  to  lofe  its  corro- 
five acidity. 

This  is  the  cafe  in  the  operation  here  defcribed.  A  frefh 
quantity  of  running  Mercury  is  mixed  with  Corrofive  Sub- 
limate; and  the  frefh  Mercury,  combining  with  the  fuper- 
abouiiding  Acid,  deprives  the  Sublimate  of  its  acrimony, 
and  forms  a  compound  which  comes  much  nearer  the  nature 
of  a  Neutral  Metallic  Salt. 

Trituration  alone  is  not  fufficient  to  produce  an  union  be- 
tween the  newly  added  Mercury  and  the  Acid  of  the  Corro- 
five Sublimate:  becaufe,  generally  fpeaking,  the  Acid  of 
Sea-falt  cannot  diffolve  Mercury  without  the  help  of  a  cer- 
tain degree  of  heat,  and  unlefs  it  be  reduced  into  vapours. 

Thus,  though  the  newly  added  Mercury  becomes  inviiible 
by  trituration*  and  feems  actually  combined  with  the  Corro- 
five Sublimate,  yet  the  union  is  not  intimate.  There  is  on- 
ly an  interpofition  of  parts,  but  no  true  diffolution  of  the 
newly  added  Mercury  by  the  fuper-abundant  Acid  of  the 
Corrofive  Sublimate.  For  this  reafon  the  mixture  muft  be 
fublimed;  and  by  this  fublimation  only  is  the  true  union  ef- 
fected. Nor  is  one  fingle  fublimation  fufficient :  no  lefs 
than  three  are  neceffary  to  deprive  the  Sublimate  of  the  cor- 
rofive quality  which  renders  it  poifonous.  After  the  third 
fublimation,  the  Sublimate  being  put  upon  the  tongue  gives 
no  confiderable  fenfation  of  acrimony  ;  nor  doth  it  retain 
any  more  of  its  former  activity  than  is  requifite  to  make  it 
a  gentle  purgative,  when  adminiftered  from  fix  to  thirty 
grains  for  a  dofe* 

If  a  lefs  quantity  of  Mercury  than  that  above  directed  be 
mixed  with  the  Corrofive  Sublimate,  the  fuper-abundant 
Acid  will  not  be  fufficiently  faturated  ;  and  the  lefs  Mercury- 
is  added,  the  more  of  its  corrofive  virtue  will  the  Sublimate 
retain. 

If,  on  the  contrary,  a  greater  quantity  of  Mercury  be  add- 
ed, there  will  be  more  than  the  Acid  can  pofirbly  diffolve, 
and  the  fuperfluous  quantity  will  remain  in  its  natural  form 
of  Qmck-filver.  It  is  better  therefore  to  err  in  the  excefs 
than  m  the  defect  of  the  proportion  of  Mercury  to  be  added  ; 
becaufe  the  Corrofive  Sublimate  will  take  up  no  more  than 
is  neceffary  to  dulcify  it. 

H  r  Part 
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Part  of  the  Acid  of  the  Corrofive  Sublimate  is  alfo  diffi- 
pated  in  vapours  during  the  operation ;  and  it  is  neceffary  to 
allow  room  for  thefe  vapours  to  circulate,  and  a  vent  to  give 
them  paffage,  or  elfe  they  will  burft  the  veffels.  Thefe  are 
our  reafons  for  leaving  an  empty  fpace  in  the  fubliming  vef- 
fels,  and  for  having  their  necks  no  more  than  five  or  fix 
inches  long. 

The  matter  which  fublimes  into  the  neck  of  the  veffel  is 
always  very  acrid;  for  which  reafon  it  muft  be  feparated 
from  the  Sweet  Sublimate.  There  remains  alfo  at  the  bot- 
tom of  the  matrafs  an  earthy,  reddifh  matter;  which  proba- 
bly comes  from  the  Vitriol  employed  in  making  the  Corro- 
five Sublimate.  This  matter  muft  likewife  be  rejected  as 
ufelefs  after  every  fublimation. 


PROCESS     II 
The  Panacea  of  Mercury. 

T^ULVERIZE  fome  Sweet  Sublimate,  and  fublime  it 
_£  in  the  fame  manner  as  you  did  thrice  before.  Repeat 
this  nine  times.  After  thefe  fublimations  it  will  make  no 
impreflion  on  the  tongue.  Then  pour  on  it  aromatic  Spi- 
rit of  Wine,  and  fet  the  whole  in  digeftion  for  eight  days. 
After  that  decant  the  Spirit  of  Wine,  and  dry  what  remains, 
which  is  the  Panacea  of  Mercury. 

OBSERVATIONS. 

The  great  number  of  fublimations,  which  the  Sweet 
Sublimate  is  made  to  undergo,  fweeten  it  ftill  more,  and  to 
fuch  a  degree  that  it  leaves  no  fenfation  on  the  tongue,  nor 
hath  any  purgative  virtue. 

The  Spirit  of  Wine  in  which  it  is  digefted  after  all  the  fub- 
limations, is  defigned  to  blunt  ftill  more  the  fharpnefs  of  any 
acid  particles  that  may  not  have  been  fufficiently  dulcified  by 
the  preceding  fublimations. 

As  Mercury  is  the  fpecific  remedy  for  venereal  diforders, 
fundry  preparations  thereof  have  been  attempted  with  a  view 
to  produce  different  effects.  Sweet  Sublimate  is  purgative ; 
and  for  that  reafon  is  not  quite  proper  for  procuring  a  faliva- 
tion,  becaufe  it  carries  off  the  humours  by  ftool.  The  Pa- 
nacea of  Mercury,  which,  on  the  contrary,  is  not  purgative, 
may  raife  a  falivation  when  taken  inwardlv. 

SECTION 
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SECTION     III. 

Of  Operations  on  the  Semi-Metals. 

CHAP.       L 

Of    Antimony. 

PROCESS    I. 

To  feparate  Antimony  from  its  Ore  by  Fyjion. 


H 


AVING  drilled  fome  fmall  holes,  of  about  two  lines 
in  diameter,  in  the  bottom  of  a  crucible,  put  into  k 
your  Antimonial  Ore  broken  into  little  bits,  about 
the  fize  of  a  hazel  nut  •,  lute  on  its  cover  ;  fet  the  crucible 
thus  prepared  in  the  mouth  of  another  crucible,  and  clofe  the 
joints  with  lute. 

i  Ac  the  diftance  of  half  a  foot  from  this  compound  vefTel 
place  bricks  all  round^  fo  as  to  form  a  furnace;  the  fides  of 
which  muft  rife  as  high  as  the  brim  of  the  uppermoft  cru- 
cible. 

Let  the  bottom  of  this  furnace  be  filled  with  allies,  up  to 
the  top  of  the  lower  crucible,  and  the  reft  of  the  furnace  with 
lighted  coals.  Blow  the  fire,  if  it  be  necefTary,  with  bellows, 
till  the  upper  crucible  become  red.  Keep  it  up  in  this  de- 
gree for  about  a  quarter  of  an  hour.  Then  take  your  veflels 
out  of  the  furnace,  and  you  will  find  the  Antimony  collect- 
ed in  the  bottom  of  the  lower  crucible,  having  run  through 
the  holes  of  the  upper  one. 

OBSERVATIONS. 

The  ore  of  Antimony  is  one  of  the  moft  fufible:  it  always 
contains  a  great  deal  of  Sulphur,  and  cannot  fuftain  a  fire  of 
any  force  without  being  diffipated  into  vapours.  It  requires  no 
additament  to  flux  it :  for  it  is  not  neceflary,  on  this  occafion, 

R  r  2  that" 
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that  the  earthy  and  ftony  matters  mixed  therewith  be  brought 
to  fufion.  It  is  fufficient  that  the  Antimonial  part  be  melt- 
ed ;  which,  as  foon  as  it  becomes  fluid,  is  carried  by  its 
weight  to  the  lower  part  of  the  crucible.  Thus  it  is  feparat- 
ed  from  all  heterogeneous  matters;  which  are  left  in  the  up- 
per crucible,  while  it  pafTes  through  the  holes  in  its  bottom, 
and  forms  a  mafs  in  the  lower. 

The  precaution  of  clofing  all  the  apertures  of  both  cruci- 
bles is  neceiTary,  on  account  of  the  volatility  of  this  mineral : 
and  that  the  Antimony,  when  once  melted,  may  not  conti- 
nue expofed  to  a  great  heat,  it  is  made  to  run  down  into  a 
vefTel  furrounded  with  afhes  only,  and  by  that  means  very 
little  affetled  with  heat ;  afhes  being  one  of  thofe  folid  medi- 
ums that  tranfmit  leaft  of  it. 


PROCESS     H. 

Thz  common  Regulus  of  Antimony, 

REDUCE  crude  Antimony  to  powder.  Mix  it  wifh 
three  fourths  of  its  weight  of  white  Tartar,  and  half 
its  weight  of  refined  Salt-petre,  both  pulverized.  Into  a 
large  crucible  made  red-hot  in  the  fire,  throw  a  fpoonful  of 
your  mixture,  and  cover  it.  There  will  be  a  very  confider- 
able  detonation.  When  it  is  over,  throw  in  a  fecond  fpoon- 
ful of  your  mixture,  and  coyer  the  crucible  as  before :  this 
will  produce  a  fecond  detonation.  Go  021  thus,  till  you  have 
thrown  in  all  your  mixture. 

When  the  whole  has  thus  fulminated,  increafe  the  fire  fo. 
as  to  bring  the  matter  into  fufion ;  that  being  done,  take  the 
crucible  out  of  the  furnace,  and  immediately  pour  its  con- 
tents into  an  iron  cone  heated  and  greafed  with  tallow. 
Strike  the  floor  and  the  cone  fome  gentle  blows  with  a  ham- 
mer, to  make  the  Regulus  precipitate :  and  when  the  matter 
is  fixed  and  cold,  invert  the  cone  and  turn  it  out.  You  will 
fee  it  confift  of  two  diftincT:  fubftances;  the  uppermoft  of 
which  is  a  faline  fcoria,  and  the  undermoft  the  reguline  part. 
Strike  this  mafs  a  blow  with  a  hammer,  in  the  place  where 
thefe  fubftances  join,  and  you  will  by  this  means  feparate  the 
fcoria  from  the  Regulus;  the  latter  of  which  will  have  the: 
form  of  a  metallic  cone,  on  whofe  bafe  you  will  obferve  the. 
lignature  of  a  bright  ftar. 

QBSER-. 
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OBSERVATIONS. 

Antimony,  though  feparated  by  a  former  fufion  from 
the  earthy  and  ftony  parts  of  its  ore,  mud  neverthelefs  be 
art-ill  confidered  as  an  ore,  on  account  of  the  great  quantity  of 
Sulphur  it  contains,  which  mineralizes  the  metalline  part  or 
Regulus.  Therefore,  if  you  defire  to  have  this  Pvegulus  pure, 
you  muft  feparate  it  from  the  Sulphur  that  is  combined  with 
it.  This  may  be  done  feveral  ways.  The  method  above 
propofed  is  one  of  the  readied  and  eafieft,  though  not  altoge- 
ther free  from  inconveniencies,  as  we  ihall  (hew. 

The  Salt-petre  in  the  mixture  detonates  by  means  of  the 
Sulphur  of  the  Antimony,  which  it  confumes,  and  from 
which  it  feparates  the  reguline  part :  but  left  it  (hould  alfo 
confume  fome  of  the  phlogifton  which  gives  the  Ptegulus  its 
metalline  form,  Tartar  is  added ;  becaufe  it  contains  a  great 
deal  of  inflammable  matter,  and  fo  is  capable  of  furniihing 
enough  for  the  detonation  of  the  Nitre,  or  rather  for  reftoring 
to  the  metallic  earth  of  the  Antimony,  the  phlogifton  that 
may  be  confumed  by  the  Nitre. 

If  we  confider  what  pafTes  in  this  operation  we  {hall  foon 
be  convinced  that  a  great  deal  muft  be  loft  in  it,  and  that  we 
do  not  thereby  obtain  near  the  whole  of  the  Regulus  that  the 
Antimony  is  capable  of  yielding:  for,  1.  the  Regulus  of 
Antimony  being  a  volatile  fubftance,  much  of  it  muft  be 
diffipated  during  the  detonation ;  and  fo  much  the  more  as 
the  detonation  is  frequently  repeated,  and  continued  for  a 
considerable  time.  The  flowers  that  may  be  collected  by 
prefenting  cold  bodies  to  the  fmoke  that  rifes  in  the  opera-. 
tion,  and  which  may  be  reduced  to  a  Regulus  by  the  ad- 
dition of  a  phlogifton,  fufficiently  prove  what  is  here  ad- 
vanced. 

2.  All  the  Sulphur  of  the  Antimony  is  not  confumed  by 
the  Nitre  on  this  occafion  j  and  moreover,  the  Acid  of  that, 
part  thereof  which  is  burnt,  uniting  with  fome  of  the  Alkali 
produced  by  the  deflagration  of  the  Nitre  and  Tartar,  forms 
a  Vitriolated  Tartar,  which  meeting  with  a  fufheient  quanti- 
ty of  phlogifton  in  the  mixture  produces  new  Sulphur.  Now 
this  Sulphur,  whether  not  confumed,  or  re-produced,  in  the 
operation,  combining  with  the  Alkali  forms  a  Liver  of  Sul- 
phur; and  that  difTolves  part  of  the  R.egulus,  which  by  this 
means  remains  confounded  with  the  fcoria.  The  proof  of 
this  is,  that,  if  the  fcoria  be  mixed  with  filings  of  iron,  and 
fufed  a  fecond  time,  you  will  find  at  the  bottom  of  the  cru- 
cible 
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cible  a  button  of  Regulus,  which  it  contained,  and  which  is 
feparated  therefrom  by  the  interpofition  of  the  Iron.  "We 
mall  fay  more  on  this  fubje£fc  in  the  procefs  for  making  the 
Martial  Regulus,  which  immediately  follows  this.  If,  in- 
ftead  of  melting  the  fcoria  with  iron  filings,  we  pulverize  it, 
boil  it  in  water,  and  then  pour  an  acid  into  that  water ;  the 
liquor  will  inftantly  grow  turbid,  and  a  Sulphureous  Preci- 
pitate will  fall,  commonly  called  the  Golden  Sulphur  of Anti- 
mony ;  which  is  nothing  elfe  but  common  Sulphur  ftill  com- 
bined with  fome  particles  of  the  Regulus ;  a  new  proof  of 
what  we  advanced  concerning  the  production  of  Liver  of 
Sulphur  in  this  operation. 

As  Regulus  of  Antimony  is  of  no  great  value,  the  lofs 
fuftained  in  this  procefs  is  ieldom  regarded.  However,  we 
fhall  have  occafion,  in  the  fequel,  to  point  out  a  method  of 
obtaining  this  Regulus  with  lefs  difadvantage. 


PROCESS    III. 

Regulus  of  Antimony  precipitated  by  Metals. 

PUT  one  part  of  fmall  iron  nails  into  a  crucible,  and  fet 
it  amidft  burning  coals,  in  a  melting  furnace.  When 
the  iron  is  thoroughly  red-hot,  and  begins  to  grow  white, 
add  thereto  little  by  little,  and  at  feveral  times,  two  parts  of 
crude  Antimony  in  powder.  The  Antimony  will  immedi- 
ately flow  and  unite  with  the  Iron.  When  the  Antimony  is 
entirely  melted,  add  thereto,  at  feveral  times,  the  fourth  of 
its  weight  of  pulverized  Nitre :  a  detonation  will  enfue,  and 
the  whole  mixture  will  be  in  fufion. 

After  you  have  kept  the  matter  in  this  condition  for  fome 
minutes,  pour  it  into  an  iron  cone,  firft  heated  and  tallow- 
ed/ Strike  the  fides  of  the  cone  with  a  hammer,  that  the 
Regulus  may  fall  to  the  bottom ;  and,  when  all  is  cold,  fe- 
parate  it  from  the  fcoria  by  a  blow  with  a  hammer.  Melt 
this  firft  Regulus  again  in  another  crucible,  adding  a  fourth 
part  of  its  weight  of  crude  Antimony.  Keep  the  crucible 
clofe  fhut,  and  give  no  more  heat  than  is  neceffary  to  melt 
the  matter.  When  it  is  in  perfect  fufion,  add  to  it  at  feve- 
ral times,  as  you  did  before,  the  fixth  part  of  its  weight  of 
pulverized  Nitre ;  and,  in  half  a  quarter  of  an  hour  after  this, 
pour  the  whole  into  a  cone  as  you  did  the  firft  time. 

Laftly,  melt  your  Ptegulus  over  again  a  third,  or  even  a 
fourth  time,  always  adding  a  little  Nitre,  which  will  deto- 
nate 
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nate  as  before.  If  after  all  tbefe  fufions  you  pour  the  Regu- 
lus  into  an  iron  cone,  you  will  find  it  very  beautiful,  and 
the  ftar  well  formed  :  it  will  be  covered  with  a  femi-tranfpa- 
rent,  lemon-coloured  fcoria.  This  fcoria  is  extremely  acrid 
and  cauftic. 

OBSERVATIONS. 

Though  Regulus  of  Antimony  unites  very  readily  with 
Sulphur,  and  is  always  found  combined  therewith  in  the 
earth,  we  muft  not  thence  conclude  that  it  hath  a  greater  af- 
finity than  other  fubftances  with  that  mineral :  on  the  con-' 
trary,  all  the  metals,  except  Gold,  have  a  greater  affinity 
than  this  Semi- metal  with  Sulphur.  Hence  it  follows  that 
all  the  metals,  except  Gold,  are  capable  of  decompofing 
Antimony,  and  feparating  the  fulphureous  part  from  the  me- 
talline ;  fo  that,  inftead  of  employing  Iron,  as  in  our  pro- 
cefs,  Copper,  Lead,  Tin,  or  Silver,  may  be  ufed,  and  a 
Regulus  obtained  by  means  thereof. 

But  as  Iron  is,  of  all  the  metallic  fubftances,  that  which 
hath  the  greateft  affinity  with  Sulphur,  it  is  on  this  occafion 
preferred  to  the  reft.  And  from  hence  two  advantages  arife  : 
the  firft  is,  that  the  operation  is  performed  fooner  and  with 
greater  eafe :  the  fecond,  that  the  Regulus  is  purer,  and 
contains  lefs  of  the  precipitating  metal.  For  it  is  a  general 
rule,  that,  when  one  metallic  fubftance  is  employed  to  pre- 
cipitate another,  the  precipitated  fubftance  is  always  a  little 
adulterated  by  the  admixture  of  fome  particles  of  the  preci- 
pitant. Now,  the  greater  affinity  the  precipitant  hath  with 
the  matter  united  to  that  which  is  to  be  precipitated,  the  lefs 
doth  the  precipitate  retain  of  the  precipitant. 

In  this  procefs  the  Iron  melts  very  eafily  by  means  of  the 
union  it  contracts  with  the  Sulphur;  which,  as  we  obferved 
before,  hath  the  property  of  rendering  this  metal  very  fufi- 
ble,  though  of  itfelf  the  moft  refractory  of  all. 

The  fcoria  found  on  the  Regulus  of  the  firft  fufion  is  a 
combination  of  Iron  with  the  fulphureous  part  of  the  Anti- 
mony. This  fcoria  is  extremely  hard,  and  not  to  be  fepa- 
rated  from  the  R.egulus  without  fome  trouble.  The  Nitre 
added,  being  alkalizated  and  united  therewith,  renders  it  a 
little  fofter,  and  gives  it  the  property  of  relenting  in  the 
air.     Any  Alkaline  Salt  may  be  fubftituted  for  the  Nitre. 

The  Nitre  that  is  alkalizated  in  the  operation,  or  the  Al^ 
kali  that  is  added,  procures  moreover  another  advantage; 
namely,  that,  by  uniting  with  part  of  the  Sulphur  of  the. 
Antimony,  it  produces  a  Liver  oi  Sulphur,  which  diflblves 

the 
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the  Iron,  retains  it,  and  hinders  that  which  is  not  yet  com- 
bined wilh  pure  Sulphur  from  uniting  fo  readily  with  the 
Regulus  as  it  otherwife  would  do. 

Laftly,  the  addition  of  Nitre,  or  an  Alkali*  contributes 
greatly  to  promote  the  fufion,  to  render  it  more  perfect,  and 
to  procure  a  more  complete  precipitation  of  the  Regulus. 

The  fecond  fufion  which  the  Regulus  is  made  to  undergo 
is  intended  to  purify  it  from  any  mixture  of  Iron.  When 
the  frefh  Antimony  added  on  that  occafion  comes  to  melt 
with  the  Regulus,  the  Sulphur  contained  in  the  Antimony 
joins  with  the  ferruginous  parts  in  the  Regulus;  and  the 
Iron  becoming  lighter  by  this  union  is  thrown  up  to  the  fur- 
face  of  the  matter.  There  it  forms  a  fort  of  fcoriaj  with 
which  a  good  deal  of  Antimony  is  mixed;  the  Regulus  not 
being  wholly  precipitated,  becaufe  there  is  not  Iron  enough 
in  the  mixture  for  that  purpofe.  The  Salt-petre  added  here 
produces  the  fame  eftecl  as  in  the  firft  fufion. 

Rut  if,  on  one  hand,  the  Regulus  precipitated  in  the  firft 
fufion  be  purified,  by  this  addition  of  frefh  Antimony,  from 
mod  of  the  Iron  with  which  it  was  alloyed;  on  the  other 
hand,  this  fame  Regulus  cannot  be  kept  from  re -uniting 
with  fome  fulphureous  parts. 

In  order  therefore  to  feparate  it  entirely  from  thefe,  it  mufl 
be  melted  over  again  once  or  twice  more,  and  a  little  Nitre 
added  each  time,  to  confume  them  by  deflagration.  But 
this  cannot  be  done  without  confuming  alfo  fome  of  the  ve- 
ry phlogifton  which  gives  the  Regulus  its  metalline  form  : 
whence  it  comes  to  pais  that  part  of  the  Regulus  is  convert- 
ed to  a  calx,  which,  by  means  of  the  alkalizated  Nitre,  is 
turned  into  glafs;  and  it  is  this  glafs  which  mixing  with  the 
fcoria  gives  it  the  yellow  colour  obferved  therein.  This  yel- 
low colour  may  alio  be  in  part  produced  by  fome  ferruginous 
particles,  of  which  a  fmall  quantity  always  remains  com- 
bined with  the  Regulus,  notwithstanding  its  former  depura- 
tion by  Antimony. 

It  is  of  no  ufe  to  repeat  the  fufions  of  the  Regulus  often- 
er  than  is  above  propoied,  or  to  add  frefh  Nitre  with  a  view 
to  confume  the  Sulphur  it  may  ftill  contain  :  for  after  the 
fecond  fulion  it  contains  none  at  all,  and  retains  only  the 
phlogifton  neceflary  to  give  it  the  metalline  form.  So  that, 
by  profecuting  the  matter  further,  you  would  only  calcine 
and  deftroy  the  Regulus  to  no  manner  of  purpofe. 

From  what  hath  been  faid  it  is  plain  that,  even  by  this 
procefs,  we  do  not  obtain  all  the  Regulus  which  our  Anti- 
mony is  capable  of  yielding  ;  feeing  part  of  it  is  destroyed 
1  by 
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by  the  fufions  it  muft  necefiarily  undergo  with  Nitre,  in  or- 
der to  its  purification.  "We  fhall  give  a  procefs  for  obtaining 
from  Antimony  the  greateft  quantity  of  Regulus  it  can 
poflibly  be  made  to  yield,  after  we  have  treated  of  its  Cal- 
cination, which  is  in  fome  fort  the  firft  ftep  of  that  procefs. 


PROCESS    IV. 

The  Calcination  of  Antimony. 

TAKE  an  unglazed  earthen  veffel,  wider  at  top  than  at 
bottom  ;  put  into  it  two  or  three  ounces  of  crude  An- 
timony finely  pulverized.  Set  this  veffel  over  a  weak  char- 
coal fire,  and  increafe  the  heat  till  you  fee  the  Antimony  be- 
gin to  fmoke  a  little.  Continue  the  fire  in  this  degree,  and 
keep  inceffantly  ftirring  the  Antimony  with  the  (hank  of  a 
tobacco-pipe  all  the  while  it  is  upon  the  fire. 

The  powder  of  Antimony,  which,  before  calcination, 
was  of  a  brilliant  colour  inclining  to  black,  will  become 
dull,  and  look  like  an  earth.  When  it  comes  to  have  this 
appearance  raife  your  fire  till  the  veffel  be  red- hot,  and  keep 
it  up  in  this  degree  till  the  matter  ceafe  entirely  to  fmoke. 

OBSERVATIONS. 

Antimony,  as  hath  been  already  faid,  is  a  fort  of  ore 
confiding  of  a  metalline  or  reguline  part  mineralized  by 
Sulphur. 

The  defign  of  this  calcination  is,  by  the  action  of  fire,  to 
diflipate  the  fulphureous  part,  which  is  the  mod  volatile,  in 
©rder  to  feparate  it  from  the  metalline  part.  It  is  evidently 
a  real  torrefadtion ;  but  the  operation  is  very  difficult,  and 
requires  a  good  deal  of  attention  5  for  Antimony  very  eafily 
melts,  while  at  the  fame  time  it  is  neceffary  to  our  fuccefs 
that  it  do  not  melt ;  becaufe  when  the  matter  is  in  fufion  the 
Sulphur  requires  a  much  greater  degree  of  heat  to  carry  it 
off.  Now,  as  Regulus  of  Antimony  itfelf  is  very  volatile, 
a  good  deal  of  it  would  be  diffipated  along  with  the  Sulphur, 
if  it  were  expofed  to  the  degree  of  heat  neceffary  to  carry  off 
the  Sulphur  when  the  mafs  is  melted. 

Therefore  if  it  happen  that  the  Antimony  begin  to  melt 
during  the  calcination,  which  is  eafily  perceived  by  its  run- 
ning into  clots,  it  muft  be  taken  off  the  fire,  and  the  clotted 

S  f  parts 
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parrs  be  again  pulverized;  after  which  the  calcination  is  to 
be  profecuted  with  a  lefs  degree  of  heat. 

When  the  Antimony  has  loft  all  its  brightnefs,  and  is  be- 
come like  an  earth,  it  is  time  to  augment  the  degree  of  heat, 
in  order  to  complete  the  calcination  •,  becaufe  the  laft  por- 
tions of  the  Sulphur  are  the  mod  difficult  to  raife.  Moreover, 
the  inconveniences  juft  mentioned  are  not  now  to  be  appre- 
hended :  for,  as  the  great  fufibility  of  the  reguline  part  is 
owing  to  the  Sulphur,  what  remains,  after  you  have  difli- 
pated  the  greateft  part  of  the  Sulphur,  is  much  lefs  fufible  ; 
and,  as  the  redundant  Sulphur  of  the  Antimony  cannot  be 
driven  off,  without  diffipating  at  the  fame  time  a  good,  deal 
of  the  phlogifton  neceffary  to  metallize  its  Regulus,  the 
matter  that  remains  comes  much  nearer  to  the  nature  of  a 
calx,  than  to  that  of  a  metalline  fubfta.nce  ;  and  confequent- 
ly  partakes  of  the  nature  of  all  metallic  calces,  which  is  to 
be  very  fixed. 

Antimony  may  alfo  be  calcined;  by  mixing  with  that  mi- 
neral an  equal  quantity  of  chareoal-duft.  As  charcoal  is 
incapable  of  fufion,  it  prevents  the  Antimony  from  clotting, 
as  well  as  from  lofing  fo  much  of  its  metallizing  phlogifton 
a£  it  otherwife  would :  and  hence  it  comes  to  pafs  that  the 
calx  of  Antimony,  prepared  in  this  manner,  comes  nearer 
to  the  nature  of  a  Regulus,  than  that  which  is  prepared 
without  addition. 

If  you  happen  to  raife  the  fire  too  much,  in  this  calcina- 
tion with  charcoal-duft,  the  calx  will  be  partly  reduced  to  a 
Regulus,  by  means  of  the  phlogifton  which  the  charcoal 
furnifhes;  and  then  the  Ptegulus  will  be  diflipated  in  va- 
pours, efpecially  as  this  calx,  which  comes  very  near  the  na- 
ture of  a  Regulus,  is  not  fo  fixed  as  that  prepared  without 
addition.  For  this  reafon  it  always  continues  to  fmoke,  even 
when  it  contains  no  fuperfiuous  Sulphur:  and  therefore  you 
muff  not  wait  till  it  ceafe  to  fmoke  before  you  put  an  end  to 
your  calcination;  for  you  will  lofe  a  great  deal  of  it  in  va- 
pours. It  is  time  to  ftop  when  the  vapours  that  rife  from 
it,  while  it  is  moderately  red,  do  not  fmell  of  burning  Sul- 
phur. 


PROCESS 
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PROCESS    V. 

Calx  of  Antimony  reduced  to  a  Regulus. 

MIX  the  calx  of  Antimony,  which  you  intend  to  reduce, 
with  an  equal  quantity  of  black  lbap.  This  mixture 
will  make  a  thin  parte.  Put  it  little  by  little  into  a  crucible, 
previoufly  made  red-hot  amidft  live  coals.  Thus  let  the  foap 
burn  till  it  ceafe  to  emit  any  oily  fmoke.  Then  cover  the 
crucible;  make  the  fire  ftrong  enough  to  melt  the  matter, 
and  you  will  hear  it  effervefce  and  boil.  When  this  noife  is 
over  let  the  crucible  cool,  and  then  break  it :  you  will  find 
in  it  a  beautiful  fcoria,  marked  with  circles  of  feveral  co- 
lours; and  under  that  a  button  of  Regalus,  which  is  not 
yet  quite  pure,  and  muff,  be  purified  in  the  following  man- 
ner. 

Pound  this  Regulus,  and  mix  it  with  half  its  weight  of 
an  antimonial  calx  as  perfectly  defulphurated  as  poMible. 
Put  it  into  a  crucible,  and  cover  it  :  melt  the  whole,  fo  that 
the  furface  of  the  melted  matter  may  be  fmooth  and  uniform. 
Let  the  crucible  cool,  and  then  break  it :  you  will  find  in  it 
a  beautiful  button  of  very  pure  Regulus,  covered  with  a 
fcoria  having  the  appearance  Of  an  opaque  glafs,  or  a  kind 
of  greyifh  enamel,  moulded  on  the  finely  radiated  furface  of 
the  Regulus. 

OBSERVATIONS. 

Of  all  the  metalline  calces  that  of  Antimony  is  mod  eafily 
reduced.  Any  matter  that  contains  the  phlogiflon,  even 
charcoal- dull  alone,  is  fufficient  to  procure  it  the  form  of  a 
Regulus,  without  the  addition  of  any  thing  to  facilitate  its 
fufion  ;  becauie  this  calx,  which  is  not  of  itfelf  altogether 
refraclory,  becomes  ftill  more  fufible  as  it  combines  with  the 
phlogifton,  and  approaches  to  the  reguline  ftate. 

Though  all  inflammable  matters  are  capable  of  procuring 
the  reduction  of  the  calx  of  Antimony,  yet  there  are  fo'me 
with  which  the  operation  fucceeds  better,  and  produces  a 
greater  quantity  of  Regulus,  than  it  does  with  others.  Fat- 
ty matters,  joined  with  Alkalis,  are  thofe  which  anfwer  befl; 
in  this  reduction,  as  they  do  in  molt  others.  The  black 
flux,  for  inftance,  is  very  proper  for  this  purpofe :  but  Mr. 
Geoffroy,  who  made  many  experiments  on  Anti-monvj  found 
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by  repeated  trials  that  black  foap  is  (till  fitter  for  it,  and  that 
a  rgreater  quantity  of  Regulus  was  obtained  by  its  means, 
than  by  any  other  reducing  flux  whatever.  The  procefs  here 
given  is  taken  from  one  of  the  Memoirs  on  this  fubje£t> 
which  he  laid  before  the  Academy  of  Sciences. 

Black  foap  is  made  of  the  lye  of  a  Fixed  Alkali,  fuch  as 
pot-am  for  inftance,  with  quick-lime,  incorporated  by  boil- 
ing with  oil  of  lint-feed,  rape-feed,  or  hemp-feed,  and 
fometimes  alfo  with  animal  fat.  The  oily  matters,  contain- 
ed in  this  reducing  flux,  are  firft  burnt  and  charred  to  a  coal 
in  the  crucible.  As  foon  as  they  are  brought  to  this  ftate, 
the  crucible  is  covered,  and  the  fire  is  increafed,  till  the 
matters  melt.  At  that  inftant  the  reduction  begins  to. 
take  place ;  and  the  bubbling  noife  obferved  is  an  effe& 
thereof. 

The  Regulus  obtained  by  this  firft  fufion  is  not  yet  very 
pure,  being  adulterated  with  the  mixture  of  fome  unmetallic 
earth  that  was  contained  in  the  Antimony,  and  with  a  por- 
tion of  the  cakarious  earth  of  the  foap. 

Mr.  Geoffroy  found  that  his  Pvegulus  was  contaminated 
with  this  fubftance,  by  putting  it  into  water  :  for  on  that  oc- 
cafion  he  obferved  a  very  brifk  ebullition  about  the  reguline 
buttons,  which  fometimes  lafted  above  four  and  twenty 
Kours ;  and  on  examining  them  with  a  glafs,  he  discovered 
fome  little  holes,,  imperceptible  to  the  naked  eye>  through 
which  the  water  entered,  to  unite  with  the  lime  retained  in 
the  internal  parts  of  the  Regulus,  which  having  been  re- 
calcined  in  the  operation  required  to  be  flaked. 

This  Regulus  may  be  purified  by  fimple  fufion,  without 
any  additament,  becaufe  the  particles  of  lime,  being  lighter 
than  thofe  of  the  Regujus,  will  be  thrown  up  to  the  furface, 
on  which  they  will  form  a  fort  of  fcoria.  But  Mr.  GeofFroy 
took  notice  that,  in  this  cafe,  the  furface  of  the  Regulus  is 
never  very  neat ;  that  it  is  always  fullied  with  a  very  adhe- 
sive fcoria,  and  that  no  ftar  is  formed  upon  it,  Befides,  the 
Regulus  muft  be  kept  a  long  while  in  very  thin  fufion,  that 
the  heterogeneous  matters,  which  hinder  the  perfect  re-uni- 
on of  its  parts,  may  have  time  to  rife  to  the  furface  by  their 
lightnefs.  But  the  longer  the  Regulus  is  kept  in  fufion,  the 
more  of  it  evaporates,  becaufe  of  its  volatility.  He~was 
therefore  obliged  to  have  recourfe  to  other  means. 

"We  have  in  the  procefs  defcribed  the  method  which  fuc- 
ceeded  beft  with  Mr.  GeofTroy.  It  confifts  in  melting  the 
Pvegulus  over  again,  wirh  the  addition  of  a  little  frefh  calx 
of  Antimony  thoroughly  freed  from  its  Sulphur.     This  calx 
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being  in  its  nature  eafily  verifiable,  and  combining  with  the 
earthy  parts  that  deprave  the  Regulus,  and  which  cannot  be 
vitrified  without  addition,  fcorifies  thefe  matters,  and  with 
them  forms  the  opaque  glafs,  or  kind  of  enamel  which  is 
found  over  the  Regulus  purified  in  this  manner. 

The  ftar  on  that  part  of  the  Regulus  of  Antimony,  which 
was  contiguous  to  the  fcoria,  is  a  mark  of  its  purity,  and  a 
proof  that  the  operation  was  well  performed.  This  liar  is 
nothing  but  a  particular  difpofition  of  the  parts  of  the  Anti- 
mony, which  have  the  property  of  running  naturally  into 
facets  and  needles.  The  perfect  fufion,  both  of  the  R.egu- 
lus  and  the  fcoria  that  covers  it,  leaves  the  parts  of  the  Re- 
gulus at  liberty  to  range  themfelves  in  this  order.  This  dif- 
pofition appears  not  only  on  the  upper  furface  of  the  Regu- 
lus, but,  if  you  break  the  button,  you  find  the  fame  in  its 
internal  parts.  JThere  are  fome  round  pyrites  whofe  infides 
have  nearly  the  fame  appearance,  and  feem  to  coniifl  of  rays 
iffuing  from  a  common  center. 

The  quantity  of  Regulus  obtained  by  Mr.  Geoffroy's  pro- 
cefs  is  more  than  double  of  what  is  procured  in  the  common 
way,  which  yields  but  about  four  ounces  in  the  pound  ; 
whereas  this  gives  from  eight  to  ten  ounces, 

When  Antimony  is  calcined  with  charcoal-duft,  what  re- 
mains after  the  difiipation  of  all  the  Sulphur  is  not,  proper- 
ly fpeaking,  a  calx  of  Antimony;  but  a  fort  of  Regulus 
quite  formed,  and  differing  from  the  common  Regulus  only 
in  that  its  parts  are  difunited,  and  not  collected  into  a  mafs. 
For  if  this  pretended  calx  of  Antimony  be  melted,  it  direct- 
ly coalefces  into  a  Regulus,  without  the  addition  of  any  in- 
flammable matter  fit  to  procure  its  reduction.  Indeed  lefs 
Regulus  is  obtained  by  this  means  than  when  a  reductive  is 
added :  but  neverthelefs  this  experiment  ftill  proves  what  I 
advanced;  feeing  Regulus  of  Antimony  cannot  be  melted 
without  lofing  more  or  lefs  thereof,  either  becaufe  fome  of  it 
is  diffipated  in  vapours,  or  becaufe  part  of  it  lofes  its  phlogi- 
fton  in  the  fufion,  and  fo  is  converted  into  a  calx. 


PROCESS    VI. 

Antimony  calcined  with  Nitre.      Liver  of  Antimony,     Cro- 
cus Metalhrum* 

PULVERIZE   and  mix  perfectly  together  equal  parts  of 
Nitre  and  Antimony:    put  the  mixture  into  an   iron 
mortar,  and  cover  it  with  a  tile,  which  however  mtift  not 
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mut  it  quite  clofe.  With  a  live  coal  fet  fire  to  the  matter  in 
the  mortar,  and  immediately  withdraw  it.  The  mixture 
will  flame,  with  great  detonation  ;  which  being  over,  and 
the  mortar  cooled,  invert  it,  and  ftrike  its  bottom  to  make 
all  the  matter  fall  out.  Then,  by  a  blow  with  a  hammer, 
feparate  the  fcoria  from  the  mining  part,  which  is  the  Liver 
of  Antimony. 

OBSERVATIONS. 

In  this  operation  the  Nitre  takes  fire  and  detonates  with 
the  Sulphur  of  the  Antimony;  and  nothing  remains  but  the 
metallic  earth  of  the  mineral,  which,  meeting  with  no  fub- 
flance  to  reftore  its  phlogifton,  cannot  take  the  form  of  a 
Regulus  ;  but,  being  combined  with  a  large  quantity  of  fufed 
faline  matters,  begins  itfelf  to  flow,  and  forms  a  fort  of  vi- 
trification; which,  however,  is  not  a  complete  one,  becaufe 
the  matters  do  not  continue  long  enough  in  fufion,  but  cool 
too  foon.  This  preparation  of  Antimony  is  a  violent  Eme- 
tic. It  is  ufed  to  make  Emetic  Wine  and  Tartar  Emetic :  it 
is  alfb  given  in  fubftance  to  horfes. 

The  faline  matters  found  after  the  operation  in  th?  form 
of  a  fcoria,  or  perhaps  confounded  with  the  Liver  of  Anti- 
mony, are  combinations  of  Fixed  Nitre,  partly  with  the 
Acid  of  the  burnt  Sulphur,  forming  a  Neutral  Salt  of  the 
fame  kind  as  Vitriolated  Tartar,  and  partly  with  fome  un- 
burnt  Sulphur,  forming  a  fort  of  Liver  of  Sulphur  that  con- 
tains a  little  Regulus.  It  is  ufual  to  pulverize  this  Liver  of 
Antimony  and  wafh  it  with  water,  in  order  to  diflblve  and 
carry  off  all  the  Salts.  When  thus  pulverized  and  wafhed 
it  is  called  Crocus  Metallorum.  If  Liver  of  Antimony  be 
melted  with  any  inflammable  matter,  it  will  be  reduced  to  a 
Regulus  ;  becaufe  it  is  nothing  but  a  metalline  calx  half  vi- 
trified. 


PROCESS    VII. 

Another  Calcination  of  Antimony  with  Nitre.     Diaphoretic 
Antimony.     Materia  Perlata.     ClyfTus  of  Antimony. 

MIX  one  part  of  Antimony  with  three  parts  of  Nitre  ; 
project  this  mixture  by  fpoonfuls  into  a  crucible  kept 
red-hot  in  a  furnace.  Each  projection  will  be  attended  with 
a  detonation.     Continue  doing  this  till  you  have  ufed  all 
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your  mixture :  then  raife  the  fire,  and  keep  it  up  for  two 
hours  ;  after  which  throw  your  matter  into  a  pan  full  of  hot 
water.  Let  it  lie  fteeping  in  water  kept  hot  for  a  whole  day. 
Then  pour  off  the  licmor :  warn  the  white  powder  you  find 
at  bottom  in  warm  water  ;  and  repeat  the  ablutions  till  the 
powder  become  infipid.  Dry  it,  and  you  have  Diaphoretic 
Antimony. 

OBSERVATIONS. 

This  operation  differs  from  the  preceding  one,  in  refpeft 
of  the  quantity  of  Nitre  deflagrated  with  the  Antimony.  In 
the  former  we  added  one  part  only  of  Nitre  to  one  part  o£ 
Antimony  ;  but  in  this  three  parts  of  Nitre  are  put  to  one 
of  the  mineral ;  and  the  calx  refuking  from  this  mixture  is; 
of  cour.fe  very  different  from  the  other. 

In  the  firft  place,  Liver  of  Antimony  hath  a  reddifli  co- 
lour j  whereas  Diaphoretic  Antimony  is  very  white.  Se- 
condly, Liver  of  Antimony  is  in  a  manner  half  vitrified ; 
Diaphoretic  Antimony  is,  on  the  contrary,  in  the  form  of  a 
powder,  the  parts  of  which  have  no  connection  together. 

The  reafon  of  thefe  differences  will  eafily  appear,  if  we 
confider,  that,  Liver  of  Antimony  being  the  refult  of  calci- 
nation with  one  part  of  the  Nitre  only,  which  is  not  fufficient 
toconfume  all  the  Sulphur  of  the  mineral^  what  remains  after 
the  detonation  is  not  entirely  deprived  of  its  phlogifton; 
from  whence  arife  the  colour  it  retains  and  the  eafe  with 
which  it  flows  in  the  fire :  but  that,  when  three  parts  of 
Nitre  are  added  inftead  of  one,  this  quantity  is  not  only  fuf- 
ficient to  confume  all  the  Sulphur  and  the  phlogifton  of  the 
Antimony,  but  even  more  than  enough;  feeing  that,  after 
the  operation,  fome  Nitre  is  ftill  found  undecompofed. 

The  calx  of  Antimony,  prepared  by  calcining  it  with 
three  parts  of  Nitre,  is  therefore  deprived  of  all  its  phlogi- 
fton. This  is  the  caufe  of  its  whitenefs,  and  the  reafon  why- 
it  is  not  half  vitrified  by  the  operation,  as  Liver  or"  Antimo- 
ny is  :  for  we  know  that  the  more  a  metallic  calx  is  deprived 
of  its  phlogifton,  the  lefs  fufible  and  the  lefs  vitrifiable  it  is. 
This  calx  of  Antimony  bears  the  name  of  Diaphoretic  Anti- 
mony, or  Diaphoretic  Mineral ;  becaufe,  being  neither  eme- 
tic nor  purgative,  it  is  thought,  to  have  the  virtue  of  promot- 
ing perlpiration. 

Antimony  may  be  calcined  with  various  proportions  of 
Nitre,  between  that  ufed  to  make  Liver  of  Antimony,  and 
this  with  which  Diaphoretic  Antimony  is  prepared;    and 
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from  thefe  calcinations  will  refult  calces  pofTefTed  of  proper- 
ties both  chymical  and  medical,  of  an  intermediate  nature 
between  the  extremes  of  thofe  two  preparations.  The  near* 
er  the  proportion  of  Nitre  comes  to  that  employed  in  pre- 
paring Liver  of  Antimony,  the  more  will  the  resulting  calx 
refemble  that  preparation ;  and  in  the  fame  manner,  a  calx 
prepared  with  a  greater  proportion  of  Nitre  will  fo  much  the 
more  refemMe  Diaphoretic  Antimony,  as  the  proportion  of 
Nitre  ufed  comes  nearer  three  parts  of  Nitre  for  one  of  An- 
timony. 

'  It  is  not  necefiary  that  Antimony  in  fubftance  be  employ- 
ed to  make  the  Diaphoretic  Mineral :  you  may,  if  you  pleafe, 
make  ufe  of  its  Regulus.  But  as  the  Regulus  contains  no 
Sulphur,  nor  any  more  phlogifton  than  is  requifite  to  fecure 
its  metalline  form,  it  is  needlefs  to  put  three  parts  of  Ni- 
tre to  one  of  Regulus  •,  an  equal  quantity  thereof  being  fuf- 
ficient. 

The  matter  is  projected  by  fpoonfuls,  to  the  end  that,  by 
gradual  and  repeated  detonations,  the  Antimony  may  be  more 
perfectly  calcined  :  it  is  alfo  with  a  view  to  deftroy  entirely 
the  fmall  remainder  of  phlogifton,  which  may  have  efcaped 
the  a£lion  of  the  Nitre,  that  the  matter  is  kept  red-hot  in 
the  crucible  for  two  hours. 

The  whole  is  afterwards  thrown  into  hot  water,  and  left 
fteeping  therein  for  feveral  hours,  with  defign  to  give  the 
water  time  to  diflblve  all  the  faline  matters  that  are  mixed 
with  the  Diaphoretic  Calx.  When  crude  Antimony  is  ufed 
in  making  this  preparation,  thefe  faline  matters  are,  1 .  an  Al- 
kalizated  Nitre;  2.  a  Neutral  Salt  formed  by  the  union  of 
the  Acid  of  Sulphur  with  part  of  that  Alkali,  as  in  the  pre- 
paration of  Liver  of  Antimony ;  3.  a  portion  of  undecom- 
pofed  Nitre. 

The  water  in  which  the  Diaphoretic  is  warned  takes  up 
moreover  a  portion  of  the  calx  of  Antimony,  which  is  ex- 
ceeding finely  attenuated,  and  continues  united  with  the  fix- 
ed Nitre,  and  fufpended  therewith  in  the  liquor.  This  mat- 
ter is  to  be  feparated  from  the  Fixed  Nitre,  by  mixing  the 
water  wherein  it  is  diflblved  with  an  Acid,  which  unites 
"with  the  Alkali,  and  precipitates  this  matter  in  the  form  of 
a  white  powder,  to  which  the  name  of  Materia  Perlata  hath 
been  given.  Becaufe  it  is  precipitated  in  the  fame  manner 
as  the  Golden  Sulphur  of  Antimony,  and,  like  that,  is 
found  in  the  water  with  which  the  faline  matters  are  warned 
out,  after  the  detonation  of  Nitre  with  Antimony,  fome 
i  Chymifts 
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Chymifts  have  given  it,  though  very  improperly,   the  name 
of  the  Fixed  Sulphur  of  Antimony. 

This  matter  is  a  true  Calx  of  Antimony,  and  differs  from 
Diaphoretic  Antimony  in  nothing  but  its  being  ftill  more 
perfectly  calcined.  It  is  fo  indeed  to  fuch  a  degree 
that  it  is  impoffible  to  reftore  its  metalline  form,  or  reduce  it 
to  a  Regulus,  by  the  addition  of  an  inflammable  matter. 
Diaphoretic  Antimony,  on  the  contrary,  may  be  re-metal- 
lized, by  fupplying  it  with  phlogifton  :  but  it  muft  be  ob- 
ferved  that,  in  whatever  manner  you  go  about  this,  you  will 
obtain  a  much  fmaller  quantity  of  Regulus,  than  when  you 
ufe  a  Calx  of  Antimony  prepared  with  a  fmaller  quantity  of 
Nitre. 

If  you  attempt  to  reduce  either  Liver  of  Antimony  or 
Diaphoretic  Antimony,  great  care  muft  be  taken  to  wafh 
them  thoroughly,  in  order  to  free  them  from  every  thing  fa- 
line  :  for,  without  this  precaution,  the  Acid  of  the  Sulphur, 
having,  as  was  obferved,  formed  a  Neutral  Salt  with  the 
Alkali  of  the  Nitre,  will  combine  with  the  .inflammable 
matter  added  to  revivify  the  calx  of  Antimony  and  repro- 
duce a  Sulphur ;  which,  uniting  afterwards  with  the  fame 
Alkali,  will  produce  a  Liver  of  Sulphur,  that  will  diflblve 
part  of  the  Regulus,  hinder  its  precipitation,  and  greatly 
lefTen  the  quantity  which  might  otherwife  be  expected. 

A  particular  fort  of  Diaphoretic  Antimony  is  fometimes 
prepared  for  Medical  ufes,  which  hath  a  purgative  quality: 
it  is  not  warned  at  all,  and  is  therefore  called  Ufiwa/bed 
Diaphoretic  Mineral 

Diaphoretic  Antimony  may  alfo  be  prepared  in  clofe  vef- 
fels,  by  means  of  which  the  vapours  that  rife  during  the  ope-1 
ration  are  retained.  For  this  purpofe  a  tubulated  retort  is 
employed,  having  a  feries  of  adopters  fitted  to  it.  The  re- 
tort is  placed  in  a  furnace,  and  heated  till  its  bottom  become 
red  :  then  a  very  fmall  quantity  of  the  mixture,  for  making 
Diaphoretic  Antimony,  is  introduced  through  the  tube  in 
the  upper  part  of  the  retort,  and  the  tube  immediately  flop- 
ped. A  detonation  enfues,  and  the  vapours  expand  them- 
felves  into  the  adopters,  where  they  condenfe.  This  is  re- 
peated till  the  intended  quantity  of  matter  be  ufed.  After 
the  operation  fome  white  flowers  are  found  fublimed  in  the 
neck  of  the  retort,  and  a  fmall  quantity  of  liquor  in  the  re- 
cipients. This  liquor  is  acid.  It  confifts  of  fome  of  the 
Acid  of  the  Nitre,  which  the  Acid  of  the  Sulphur  hath  ex- 
pelled from  its  bafis,  and  alfo  a  little  of  the  Acid  of  the  Sul- 
phur carried  up  by  the  heat  before  it  could  combine  with  the 
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bafis  of  the  Nitre.  This  liquor  is  called  Clyjfus  of  Antimony. 
The  name  of  Clyjfus  is  given  to  all  liquors  in  general  that 
are  prepared  by  this  method. 

The  white  flowers  found  in  the  neck  of  the  retort  are 
flowers  of  Antimony;  that  is,  a  calx  of  Antimony  forced 
up  by  the  heat,  and  by  the  impetus  of  the  detonation. 
Thefe  flowers  may  be  reduced  to  a  Regulus.  What  remains 
in  the  retort  is  the  fame  with  the  matter  that  remains  in  the 
crucible,  wherein  the  mixture  of  Nitre  and  Antimony  for 
making  Diaphoretic  Antimony  hath  been  deflagrated. 

Neither  Diaphoretic  Antimony  nor  the  Pearly  matter  are 
foluble  in  any  Acid. 


PROCESS     VIII. 

Calx  of  Antimony  Vitrified, 

TAKE  any  quantity  you  pleafe  of  calx  of  Antimony, 
made  without  .addition  ;  put  it  into  a  good  crucible, 
which  fet  in  a  melting  furnace  :  kindle  the  fire  gradually, 
and  leave  the  crucible  uncovered  at  the  beginning. 

A  quarter  of  an  hour  after  the  matter  is  red-hot,  cover 
the.  crucible,  and  excite  the  fire  vigoroufty  till  the  calx 
melt.  You  may  know  when  it  is  thoroughly  melted,  by 
dipping  into  the  crucible  an  iron  wire,  to  the  end  of  which 
a  little  knob  of  glafs  will  adhere,  if  the  matter  be  in  perfect 
fufion.  Keep  it  in  fufion  for  a  quarter  of  an  hour,  or  rather 
longer  if  your  crucible  can  bear  it.  Then  take  it  out  of  the 
furnace,  and  immediately  pour  out  the  melted  matter  on  a 
fmooth  ftone,  made  very  hot  fur  the  purpofe :  it  will  prefent- 
ly  fix  into  a  yellow  Glafs. 

OBSERVATIONS. 

All  the  calces  of  Antimony,  when  expofed  to  a  violent 
fire,  are  converted  into  Glafs  ;  but  n.ot  all  with  the  fame  fa- 
cility. In  general,  the  more  of  their  phlogiflon  they  have 
loft  in  the  calcination,  the  more  difficult  is  their  vitrifica- 
tion. This  caufes  alfo  a  difference  in  the  colour  of  the 
Glafs  •,  which  will  be  of  fo  much  a  deeper  yellow,  and  the 
nearer  to, a  red,  the  lefs  the  Antimony  was  calcined. 

It  frequently  happens,  when  we  employ  a  calx  of  Anti- 
mony which  is  not  futticiently  deprived  of  its  phlogifton> 
that  we  find  in  the  crucible  a  button  of  Regulus,  which,  be- 
ing 
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ing  heavier  than  the  Glafs,  always  lies  at  the  bottom.  With 
a  view  to  avoid  this  inconvenience,  and  to  diflipate  com- 
pletely the  excefs  of  phlogifton  that  may  ftill  be  left  in  the 
calx  of  Antimony,  we  direct  the  crucible  to  be  left  uncover- 
ed for  fome  time,  at  the  beginning  of  the  operation.  If, 
notwithftanding  this  precaution,  any  Regulus  be  dill  found 
at  the  bottom  of  the  crucible,  and  you  refolve  to  vitrify  it, 
the  crucible  muff,  be  returned  to  the  furnace,  and  the  fufion 
continued  ;  by  which  means  the  Regulus  will  at  laft  be  con- 
verted into  Glafs. 

If,  on  the  contrary,  you  meet  with  any  difficulty  in  effect- 
ing the  vitrification,  on  account  of  your  having  employed  a 
calx  that  hath  loft  too  much  of  its  phlogiflon,  fuch  as  Dia- 
phoretic Antimony,  or  the  Pearly  matter,  the  fufion  may  be 
greatly  facilitated  by  throwing  into  the  crucible  a  little  crude 
Antimony. 

Glafs  of  Antimony  is  a  molt  violent  emetic.  This  Glafs, 
as  well  as  Liver  of  Antimony,  is  employed  in  preparing 
Emetic  Wine  and  Emetic  Tartar. 

It  may  be  refufcitated,  like  the  calces  of  Antimony,  into 
a  Regulus,  by  reuniting  it  with  a  phlogifton.  For  this  pur- 
pofe  it  muft  be  finely  pulverized,  thoroughly  mixed  with 
fome  black  flux,  and  melted  in  a  covered  crucible.  This 
Glafs,  as  well  as  that  of  Lead,  hath  the  property  of  greatly 
promoting  the  vitrification  of  matters  that  are  to  be  fcori- 
fied. 


PROCESS    IX. 

Kermis  Mineral, 

BREAK  any  quantity  you  will  of  Hungarian  Antimony 
into  little  bits :  put  it  into  a  good  earthen  coffee- pot : 
pour  on  it  twice  its  weight  of  rain-water,  and  a  fourth  part 
of  its  weight  of  well  filtered  liquor  of  Nitre  fixed  by  char- 
coal. Boil  the  whole  brifkly  for  two  hours,  and  then  filter 
the  liquor.  As  it  cools  it  will  acquire  a  red  colour,  grow 
turbid,  and  leave  a  red  powder  on  the  filter. 

Return  your  Antimony  into  the  coffee-pot.  Pour  on  it  as 
much  rain-water  as  before,  and  three  fourths  of  the  former 
quantity  of  the  liquor  of  Fixed  Nitre.  Boil  it  again  for  two 
hours,  and  then  filter  the  liquor.  It  will  again  depolite  a 
red  fediment.  Return  your  Antimony  into  the  coffee-pot: 
pour  on  it  the  fame  quantity  of  rain-water,  and  half  the  firft 
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quantity  of  the  liquor  of  Fixed  Nitre.  Boil  it  again  for  two 
hours,  and  then  filter  the  liquor  as  formerly.  Wafh  all  thefe 
fediments  with  warm  water,  till  they  become  infipidj  theiji 
dry  them,  and  you  have  the  Kermes  Mineral. 

OBSERVATIONS. 

If  you  recollect  what  we  faid  concerning  the  property 
which  Fixed  Alkalis  poffefs  of  uniting  with  Sulphur,  both 
by  fufion,  and,  when  thofe  Salts  are  refolved  into  a  liquor, 
by  boiling,  and  of  forming  therewith  a  Liver  of  Sulphur, 
"which  diffolves  all  metalline  fubftances,  you  will  readily  com- 
prehend the  nature  of  this  Kermes. 

Antimony  confifls  of  a  fulphureous  and  a  reguline  part. 
Therefore,  if  this  mineral  be  boiled  in  a  folution  of  a  Fixed 
Alkali,  fuch  as  Nitre  fixed  by  charcoal,  the  Alkali  will  dif- 
folve  the  Sulphur  of  the  Antimony,  and  form  therewith  a 
Liver  of  Sulphur,  which,  in  its  turn,  will  diflblve  the  regu- 
line part.  Now,  Kermes  Mineral,  prepared  as  above  direct- 
ed, is  no  other  than  a  Liver  of  Sulphur  combined  with  a 
certain  quantity  of  Regulus  of  Antimony. 

Mr.  Geoffroy  hath  fet  this  truth  in  the  cleared  light,  by 
his  accurate  analyfis  of  the  Kermes  Mineral.  The  experi- 
ments he  made  on  that  fubjecl;  are  circumftantially  related  in 
feveral  Memoirs  printed  in  the  volumes  of  the  Academy  for 
1734  and  1735.  By  combining  Acids  with  the  Kermes  he 
demonftrated,  I.  the  exiftence  of  Sulphur  in  this  compound  •> 
having  feparated  from  it  a  burning  Sulphur,  which  cannot 
be  miftaken  for  any  other  than  the  Sulphur  of  Antimony. 
In  order  to  obtain  this  Sulphur  pure,  an  Acid  mufl  be  em- 
ployed that  will  not  only  abforb  the  Alkali,  but  alfo  perfect- 
ly diflblve  the  reguline  part  that  might  otherwife  remain 
united  with  the  Sulphur.  Aqua  regia  was  the  Acid  which 
fucceeded  belt  with  Mr.  Geoffroy.  2.  He  alfo  proved  that 
there  is  a  Fixed  Adkali  in  the  compofition  of  the  Kermes; 
feeing  the  Acids  with  which  he  precipitated  the  Sulphur  be- 
came Neutral  Salts,  and  juft  fuch  as  thofe  very  Acids  com- 
bined with  a  Fixed  Alkali  would  have  conftituted:  that  is, 
the  Vitriolic  Acid  produced  a  Sal  de  duobus ;  the  Nitrous 
Acid  a  regenerated  Nitre ;  and  the  Marine  Acid  a  regene- 
rated Sea-fait.  3.  Mr.  Geoffroy  demonftrated  the  reguline 
part  of  Antimony  to  be  an  ingredient  in  the  Kermes ;  having 
procured  therefrom  an  actual  Regulus  of  Antimony,  by  fuf- 
ijng  it  with  the  black  flux. 

In 
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In  preparing  the  Kermes  it  is  neceflary  to  renew  the  liquor 
from  time  to  time,  as  above  directed ;  becaufe,,  when  it  is 
once  impregnated  with  Kermes  to  a  certain  degree,  it  can 
take  up  no  more ;  and  confequently  the  fame  liquor  cannot 
operate  again  on  the  Antimony.  Experience  hath  (hewn, 
that,  if  the  dofes  above  prefcribed  be  applied,  the  liquor  will 
after  two  hours  boiling  be  fufficiently  faturated  with  Kermes. 

If  the  liquor  in  which  the  Kermes  is  diflblved  be  filtered 
while  it  is  very  hot,  and  almoft  boiling,  it  leaves  nothing  on 
the  filter;  the  Kermes  pairing  through  with  it:  but  as  it 
cools  it  grows  turbid,  and  gradually  depofites  the  Kermes. 
Therefore  it  ought  not  to  be  filtered  till  it  be  cold ;  or,  if  it 
be  filtered  while  it  is  boiling  hot,  in  order  to  feparate  from  it 
fome  coarfe  particles  of  Antimony  not  yet  converted  into 
Kermes,  it  muft  be  filtered  a  fecond  time  when  it  is  cold,  111 
order  to  get  the  Kermes. 

Though  in  the  method  ufually  pracHfed  for  making  Ker- 
mes, the  Antimony  is  boiled  only  thrice,  yet  it  does  not  fol- 
low that  more  Kermes  may  not  be  obtained  from  it,  or  that 
but  little  more  would  be  obtained  by  a  fourth  and  fifth  boil- 
ing;  on  the  contrary,  it  would  yield  considerably  more. 
Mr.  GeofFroy  obferved,  that  he  got  more  Kermes  by  the  fe- 
cond boiling  than  by  the  firft,  and  ftill  more  by  the  third 
than  by  the  fecond ;  and  that  the  yield  goes  on  increafing  in 
this  manner  to  a  very  great  number  of  times,  which  he  bath 
not  determined.  This  increafed  efFect  arifes  from  hence, 
that  by  multiplying  the  frictions  of  the  little  bits  of  Antimo- 
ny againft  each  other,  new  furfaces  are  expofed  to  the  action 
of  the  Alkaline  liquor,  and  furnifh  it  with  more  Sulphur; 
while  the  addition  of  this  fulphur  renders  the  hepar  more  ac- 
tive and  more  penetrating;  or,  if  you  pleafe,  produces  a  new 
hepar  every  time  the  matters  are  boiled.  When  the  Alka- 
line liquor  is  once  faturated  with  Kermes,  it  ceafes  to  a£l, 
and  forms  no  new  hepar;  but  it  does  not  follow  that  its  vir- 
tue is  quite  exhaufted.  To  reftore  its  ability  of  acting  as 
well  as  at  firft,  or  nearly  fo,  you  need  only  let  it  cool,  and 
depofite  the  Kermes  dillblved  in  it.  We  owe  this  fingular 
obiervation  alfo  to  Mr.  Geoffroy  :  he  had  the  patience  to  £0 
through  no  lefs  than  threescore  and  ten  boilings  with  the  fame 
liquor,  without  adding  any  thing  but  rain  water,  to  fupply 
the  place  of  what  was  diffipated  by  evaporation  :  and  he  al- 
ways obtained  a  pretty  confiderable  quantity  of  Kermes  by 
each  boiling,  for  the  reafon  given  above. 

Boiling  is  not  the  only  means  of  making  Kermes.     Mr. 
GeofFroy  found  the  way  of  making  it  by  fufion.     For  this 

purpofc 
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purpofe  you  mud  mix  accurately  one  part  of  very  pure  Fixed 
Alkali,  dried  and  pulverized,  with  two  parts  of  Hungarian 
Antimony  alfo  pulverized,  and  melt  the  mixture.  Mr. 
Geoffrey  made  ufe  of  a  retort.  "When  the  mafs  is  melted, 
it  muff  again  be  pulverized,  while  it  is  (till  hot,  and  then  put 
into,  and  kept  in,  boiling  hot  water  for  an  hour  or  two ;  after 
which  the  liquor,  now  become  faline  and  antimonial,  muft 
be  filtered  into  another  veffd  filled  with  boiling  water.  Every 
ounce  of  Antimony  treated  in  this  manner  yields,  by  thrice 
boiiing  the  melted  mafs,  from  fix  drams  to  fix  drams  and  a 
half  of  Kermes ;  which  difFers  from  the  Kermes  made  by 
boiling,  only  in  that  it  is  not  quite  fo  foft  to  the  touch,  hav- 
ing in  every  other  refpeffc  the  fame  qualities. 

As  Liver  of  Sulphur  is  made  two  different  ways,  to  wit, 
by  boiling  and  by  fufion,  and  as  the  Kermes  is  nothing  but 
a  Liver  of  Sulphur  in  which  the  reguline  part  it  diffolved  5 
it  follows  that  Kermes  may  be  made  by  fufion  as  well  as  by 
boiling.  It  is  neceiTary  to  pulverize  the  melted  mafs,  and  to 
fteep  it  in  boiiing  hot  water  for  an  hour  or  two,  that  the  wa- 
ter may  diffolve  and  divide  it  fufikiently  to  make  the  Kermes 
fine  and  beautiful. 

With  the  fame  view,  that  is,  to  make  it  finer  and  more 
perfect,  Mr.  Geoffrey  orders  the  water  faturated  with  the 
Kermes  made  by  fufion,  to  be  received,  when  filtered,  in  a 
veffel  full  of  other  boiling  hot  water.  He  obferved,  that 
when  the  liquor  impregnated  with  Kermes  cools  too  fait,  the 
Kermes  that  precipitates  is  much  coarfer.  The  warm  iclu- 
tion  of  Kermes  is  diffufed  through  the  boiling- hot  water  into 
which  it  is  filtered,  and  is  thereby  enabled  to  retain  its  heat 
fo  much  the  longer. 

From  what  hath  been  faid  on  the  nature  of  Kermes,  it 
plainly  appears  that  there  muff,  be  a  great  refemblance  be- 
tween it  and  the  Golden  Sulphur  of  Antimony,  obtained 
from  the  fcoria,  either  of  plain  Regulus  of  Antimony,  or  of 
the  Liver  of  Antimony,  this  Golden  Sulphur  being  no  other 
than  a  portion  of  the  Antimony  combined  with  the  Nitre  al- 
kalizated  during  the  operation. 

Yet  there  is  a  difference  in  the  manner  of  precipitating 
thefe  two  compounds  :,  for  the  Kermes  precipitates  fpontane- 
oufly,  on  the  bare  cooling  of  the  water  in  which  it  is  diffolv- 
ed ;  whereas  an  Acid  is  employed  to  precipitate  the  Golden 
Sulphur  fufpended  in  the  water,  with  which  the  fcoria  of 
the  plain  Regulus  of  Antimony,  or  that  of  Liver  of  Anti- 
mony, hath  been  warned.  This  gives  fome  ground  to  fufpe£f. 
that  the  reguline  part  is  not  fo  intimately  united  with  the 

Liver 
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Liver  of  Sulphur  in  the  Kermes,  as  in  the  fcorise  from  which 
the  Golden  Sulphur  is  obtained. 


PROCESS    X. 
Regulus  of  Antimony  dijfolved  in  the  Mineral  Acids. 

COmpound  an  aqua  regis  by  mixing  together  four  mea- 
fures  of  Spirit  of  Nitre,  and  one  meafure  of  Spirit  of 
Salt :  on  a  (and- bath  moderately  heated  place  a  matrafs,  into 
which  pour  fixteen  times  as  much  of  this  aqua  regis  as  you 
have  R.egulus  to  diiTolve.  Break  your  Regulus  into  little 
bits ;  and  throw  them  fucceflively  one  after  another  into  the 
matrafs,  obferving  not  to  add  a  new  one  till  that  put  in  be- 
fore is  entirely  diflblved  :  continue  this  till  your  Regulus  be 
all  ufed.  By  degrees^  as  the  diflblurion  advances,  the  liquor 
will  acquire  a  beautiful  golden  colour  i  which,  however,  will 
infenfibly  difappear,  as  the  white  fumes  that  continually 
afcend  from  it  evaporate. 

OBSERVATIONS, 

Regulus  of  Antimony  is  one  of  thofe  metalline  fubftan- 
tes  that  diflblve  with  the  greateft  difficulty.  Not  but  that 
m oft  of  the  Acids  attack  and  corrode  it;  but  they  do  not 
make  a  clear,  limpid  folution  thereof:  they  in  fome  fort  only 
calcine  it,  and  this  femi-metal,  as  fad  as  it  diflblves,  preci- 
pitates of  its  own  accord  in  the  form  of  a  white  magiftery. 
In  order  to  effect  a  complete  diflblution  thereof,  it  is  necef- 
fary  to  employ  an  aqua  regis  compounded  as  directed,  and 
in  the  dofe  prefcribed  in  the  procefs,  which  is  wholly  ta- 
ken from  Mr.  Geoffroy's  Memoirs  on  Antimony  mentioned 
above. 

If,  inftead  of  the  Regulus,  fmall  bits  of  crude  Antimony 
be  thrown  into  the  aqua  regis,  the  Acid  will  attack  and  dif- 
folve  the  reguline  part,  and  fo  feparate  it  from  the  fulphure- 
ous  part  which  it  will  not  touch.  When  the  diflblution  is 
finifhed,  the  particles  of  Sulphur  being  now  become  lighter, 
becaufe  no  longer  united  with  the  metalline  part,  will  float 
upon  the  liquor.  Being  collected  they  form  a  true  Sulphur, 
which  feems  no  way  different  from  common  brimftone.  This 
operation,  you  fee,  is  a  fort  of  Parting  Procefs. 

The  Vitriolic  Acid,  whether  concentrated  or  much  weak- 
ened with  water,  does  not  act  when  cold  either  on  Antimony 

or 
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or  on  its  Regulus.  This  Acid  only  dims  the  fplendour  of  the 
facets  of  the  Ptegulus  ;  but  if  one  part  of  exceeding  pure  Re- 
gulus of  Antimony  be  put  into  a  retort,  and  four  parts  of 
clear  concentrated  Oil  of  Vitriol  poured  oh  it,  as  foon  as  the 
Acid  is  heated  it  turns  brown,  and  emits  a  mod  fuftocating 
fmell  of  Sulphur,  which  increafes  as  the  Regulus  is  pene- 
trated and  corroded  by  the  Acid. 

On  raifing  the  fire,  there  feparates  from  it  a  matter  that 
feems  mucilaginous ;  and  when  the  Acid  hath  boiled  fome 
time,  the  Regulus  is  converted  into  a  white  faline  mafs,  as 
Mercury  is  in  the  preparation  of  Turbith  mineral.  At  the 
fame  time  a  little  Sulphur  fublimes  into  the  neck  of  the  re- 
tort. At  laft  all  the  Oil  of  Vitriol  pafTes  over  into  the  re- 
ceiver, and  leaves  the  Regulus  in  a  white,  fpungy,  faline 
mafs  in  the  retort.  When  the  fire  is  out,  the  veflels  unlut- 
ed,  and  the  receiver  feparated  from  the  retort,  there  rifes  a 
white  vapour  like  that  of  the    fmoking  liquor  of  Libavius. 

The  faline  mafs  left  in  the  retort,  after  the  operation,  is 
found  increafed  to  near  double  its  weight :  this  increafed 
weight  is  owing  to  the  Acid  that  hath  united  with  the  Re- 
gulus. 

This  combination  of  the  Vitriolic  Acid  with  the  Regulus 
of  Antimony  is  exceffively  cauftic,  and  cannot,  for  that  rea- 
fon,  be  adminiftered  internally. 

The  pureft  Spirit  of  Salt  hath  no  fenfible  efTecl;  either  on 
Antimony  or  its  Regulus :  but  if  Antimony  be  coarfely 
pounded,  it  feparates  therefrom,  though  flowly,  fome  light, 
iulphureous  flakes. 

The  action  of  Spirit  of  Nitre  on  this  metallic  fubftance  is 
more  perceptible :  by  little  and  little  it  attacks  the  plate6  of 
the  Antimony,  which  difcharge  a  great  number  of  air-bub- 
bles. As  the  diftblution  advances,  the  Acid  acquires  a 
greenith  colour  inclining  to  bluej  and  if  there  be  not  too 
much  of  it,  it  will  be  almoft  entirely  imbibed  by  the  Anti- 
mony, penetrate  between  its  lamina,  and  exfoliate  them  in 
the  direction  of  the  needles  that  compofe  them.  If  there  be 
too  much  of  the  Acid,  that  is,  if  it  rife  above  the  Antimo- 
ny, it  will  deftroy  thefe  plates,  and  reduce  them  to  a  white 
powder. 

But  when  the  Acid  is  imbibed  flowly,  we  difcover  between 
the  fwelled  lamina  little  faline  tranfparent  cryftals,  that  ve- 
getate much  in  the  fame  manner  as  thofe  of  the  pyrites,  in 
which  fmall  cryftals  of  Vitriol  are  frequently  obferved,  whofe 
figures  are  not  very  well  determined.  Thefe  little  cryftals 
between  the  Antimonial  plates  are  intermixed  with  yellow 

particles, 
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particles,  which  being  carefully  feparated  burn  like  common 
Sulphur. 

All  thefe  ufefwl  obfervations,  concerning  the  action  of  the 
Acids  on  Antimony  and  its  Regulus,  we  owe  likewife  to 
Mr.  GeofFrOy ;  who  advifes  the  collecting  a  quantity  of  thefe 
little  cryftals  in  time ;  becaufe  they  difappear  foon  after  they 
are  formed,  being  probably  covered  by  the  white  powder,  or 
rnagiftery,  which  is  continually  produced  as  faft  as  the  Ni- 
trous Acid  difunites  and  feparates  the  needle-like  fibres  of 
the  Antimony. 

Mr.  Geoffroy  obferved  the  fame  fort  of  cryftals  on  the  Re- 
gulus  of  Antimony,  when  fubflituted  for  crude  Antimony  in 
this  experiment ;  but  it  requires  a  great  deal  of  care  to  fepa- 
rate  thefe  cryftals;  for  as  foon  as  the  air  comes  into  contact 
with  them  they  lofe  their  tranfparency;  and  if  you  wait  till 
the  Regulus  be  in  fome  meafure  converted  into  a  rnagiftery, 
they  are  not  then  to  be  diftinguifhed. 

In  order  therefore  to  have  a  good  view  of  thefe  cryftals, 
the  Regulus  mult  be  broken  to  pieces;  thefe  pieces  put  in  a 
glafs  bafon,  and  Spirit  of  Nitre  poured  on  them  to  half  their 
heighth,  but  not  to  cover  them.  This  Acid  penetrates  them, 
exfoliates  them  in  white  fcales ;  and  on  the  furface  of  thefe 
fcales  the  cryftals  fhoot  of  a  dead-  white  colour.  In  -two  or. 
three  days  time  thefe  cryftals  vegetate  and  grow  in  the  form 
of  cauli-flowers :  they  mult  then  be  gathered,  to  prevent 
their  being  confounded  in  the  white  magifiery  which  conti- 
nues to  be  produced,  and  would  not  fuffer  them  to  be  difthi- 
guifhed.  If  you  attempt  to  diffolve  the  reguline  part  of  An- 
timony by  an  aqua  regis  compounded  in  different  propor- 
tions, and  applied  in  a  different  dofe  from  what  is  prefcribed 
in  the  procefs,  the  Regulus  of  Antimony  will  only  be  cal- 
cined, as  it  is  by  the  other  Acids,  and  will  precipitate  in 
the  form  of  a  white  magiftery  as  faft  as  it  diffolves,  fo  that 
no  part  thereof  will  remain  united  with  the  folvent.  The 
proof  of  this  is,  that  if  an  alkaline  liquor  be  poured,  even 
to  the  point  of  faturation,  upon  the  aqua  regis  that  hath 
thus  dropt  the  Antimony,  no  new  precipitate  will  be  depo- 
sed. 


U  u  PROCESS 
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PROCESS    XL 

Regulus  of  Antimony  combined  with  the  Acid  of  Sea-falt. 
Butter  of  Antimony,     Cinabar  of  Antimony, 

PULVERIZE  and  mix  thoroughly  fix  parts  of  Regulus 
of  Antimony,  and  fixteen  parts  of  Corrofive  Sublimate. 
Put  this  mixture  into  a  glafs  retort  that  hath  a  wide  fliort 
neck,  and  let  one  half  of  its  body  at  leaft  be  left  empty.  Set 
it  in  a  reverberatory  furnace,  and  having  fitted  a  recipient 
thereto,  and  luted  the  joint,  make  a  very  fmall  fire  at  firft, 
to  heat  it  (lowly.  Increafe  it  afterwards  by  degrees,  till  you 
fee  a  liquor  afcend  from  the  retort  that  grows  thick  as  it 
cools.  Keep  up  the  fire  to  this  degree  as  long  as  you  fee  any 
of  this  matter  come  over. 

"When  no  more  rifes  with  this  degree  of  fire,  unlute  your 
veffels,  take  off  the  receiver,  and  in  its  place  fubftitute  ano- 
ther filled  with  water.  Then  increafe  your  fire  by  degrees 
till  the  retort  be  red-hot.  Some  running  Mercury  will  fall 
into  the  water,  which  you  may  dry  and  keep  for  ufe ;  it  be- 
ing very  pure. 

OBSERVATIONS. 

In  our  obfervations  on  the  preceding  procefs,  we  took  no- 
tice that  the  pureft  Marine  Acid,  in  the  form  of  a  liquor, 
will  not  diflblve  the  reguline  part  of  Antimony.  Here  this 
very  Acid  combined  with  Mercury,  and  applied  in  a  dry 
form  to  the  Regulus  of  Antimony,  quits  the  Mercury  with 
which  it  was  united,  in  order  to  join  this  very  Regulus,  as 
having  a  greater  affinity  therewith.  This  operation  is  a  fur- 
ther proof  of  what  we  advanced  on  the  fulvjecl:  of  Mercury; 
to  wit,  that  feveral  metallic  fubftances,  which  are  not  foluble 
by  certain  Acids  when  in  a  fluid  ftate,  may  be  difiblved  by 
thofe  Acids  when  moft  highly  concentrated ;  as  they  are 
when  combined  with  any  other  fubftance  in  a  dry  form,  and 
are  feparated  from  it  by  the  force  of  fire.  Their  efficacy  is 
alfo  further  promoted  by  their  being  reduced,  on  this  occa- 
fion,  into  fubtile  vapours. 

The  Marine  Acid  combined  with  the  reguline  part  of  An- 
timony doth  not  form  a  hard,  folid  compound ;  but  a  kind  of 
ibft  iVnitance,  that  melts  in  a  very  gentle  heat,  and  alfo  be- 
comes fixed  by  the  leaft  cold,  much  in  the  fame  manner  as 
butter ;  and  from  this  property  it  hath  its  name. 

Soon 
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Soon  after  mixing  the  Regulus  with  the  Corrofive  Subli- 
mate, the  matter  fometimes  grows  confiderably  hot:  this  is 
occafioned  by  the  Marine  Acid's  beginning  to  acl:  on  the  re- 
guline  part,  and  to  defert  its  Mercury. 

The  Butter  of  Antimony  rifes  with  a  very  moderate  heat; 
becaufe  the  Acid  of  Sea  fait  hath  the  property  of  volatilizing, 
and  carrying  up  along  with  it,  the  metallic  fubftances  with 
which  it  is  combined  :  and  for  this  reafon  a  very  gentle  heat 
only  is  required  at  the  beginning  of  the  operation. 

It  is  absolutely  neceffary  that  the  neck  of  the  retort  be  wide 
and  fhort :  for  otherwife  if  the  Butter  of  Antimony  mould 
fix  and  be  accumulated  therein,  it  might  ftop  up  the  pafTage 
entirely,  and  occafion  the  burfting  of  the  veftels.  By  this 
operation  we  obtain  eight  parts  and  three  quarters  of  fine 
Butter  of  Antimony,  and  ten  parts  of  running  Mercury; 
there  being  left  in  the  retort  one  part  and  a  half  of  a  rarefied 
matter,  black,  white,  and  red.  This  is  probably  the  moft 
earthy  and  moft  impure  part  of  the  Regulus  of  Antimony. 

It  is  of  the  utmoft  confequence  to  the  operator  that  he  a- 
void  with  the  greateft  care  the  vapours  that  ifiue  from  the 
velTels,  becaufe  they  are  extremely  noxious,  and  may  occa«? 
fion  mortal  diforders.  The  Butter  of  Antimony  is  a  moll 
violent  Corrofive  and  Cauftic. 

When  all  the  Butter  is  rifen,  the  receiver  is  (hifted  in  or- 
der to  receive  the  Mercury;  which,  being  difengaged  from 
the  Acid  that  gave  it  a  faline  form,  appears  in  its  natural 
form  of  Quick-filver:  but  it  requires  a  much  greater  degree 
of  heat  than  the  Butter  of  Antimony  to  raife  it  by  diftilla- 
tion. 

If  crude  Antimony,  inftead  of  Regulus  of  Antimony,  be 
mixed  with  Corrofive  Sublimate,  a  Butter  of  Antimony  will 
be  obtained  in  the  fame  manner;  but,  inftead  of  having  a 
running  Mercury  after  the  Butter,  you  will  find  a  Cinabar 
fublimed  into  the  neck  and  upper  concavity  of  the  retort. 

The  reafon  of  this  difference  is  eafily  conceived :  for 
when  the  Regulus  is  ufed,  the  Mercury  being  deferted  by  its 
Acid  finds  no  other  fubftance  to  unite  with,  and  fo  rifes  in 
the  form  of  Quick-fiiver ;  but  when  crude  Antimony  is  em- 
ployed inftead  of  its  Regulus,  as  the  reguline  part  thereof 
cannot  combine  with  the  Acid  without  quitting  its  Sulphur, 
fo  this  Sulphur,  being  at  liberty,  unites  with  the  Mercu- 
ry, which  is  fo  likewife,  and  therewith  forms  a  Cinabar; 
which  from  its  origin  is  named  Cinabar  of  Antimony.  When 
you  intend  to  make  both  Butter  and  Cinabar  of  Antimony  at 
the  fame  time,  fix  parts  of  Antimony  muft  be  mixed  with 
TJ  1*  2  eight 
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ei^ht  of  Corrofive  Sublimate;  and  care  muft  be  taken» 
while  the  Butter  is  coming  over,  to  warm  the  neck  of  the 
retort  by  holding  fome  live  coals  near  it,  with  the  precau- 
tions neceflary  to  avoid  breaking  it.  This,  warmth  makes 
the  Butter  melt  and  rim  into  the  receiver;  whereas,  being 
thicker  and  of  a  much  denfer  confidence  than  that  made 
with  the  Regulus,  it  would  otherwife  gather  in  the  neck  of 
the  retort,  choak  it  entirely)  and  burft  the  veflTel. 

When  the  Butter  is  drawn  from  crude  Antimony,  more 
circumfpeclion  is  neceflary  to  make  it  of  a  beautiful  white 
colour,  than  when  it  is  obtained  from  the  Regulus  :  for,  if 
the  fire  be  too  ftrong  during  the  diftillation,  or  if  the  recei- 
ver be  not  foon  enough  feparated  from  the  neck  of  the  re- 
tort, certain  red  fulphureous  vapours,  the  fore-runners  of  the 
Cinabar,  will  at  lad  afcend,  and  mixing  with  the  Butter 
give  it  a  brown  colour. 

In  order  to  reftore  its  beauty  it  muft  be  put  into  a  clean 
retort,  and  rectified  by  diftilling  it  over  again  with  a  gentle 
fand-heat.  By  this  rectification  the  Butter  of  Antimony 
becomes  more  fluid  ;  and  by  re-diftilling  it  a  fecond  time 
you  may  give  it  the  thinnefs  and  fluidity  of  an  oil. 

After  the  operation  there  will  be  found  in  the  receiver 
three  parts  and  three  quarters  of  Butter  of  Antimony,  and 
fome  fmall  cryftals  adhering  to  its  infide,  in  the  form  of 
fprigs.  "When  you  break  the  retort  there  exhales  from  it  a 
fulphureous  odour  ;  and  you  will  find  in  it  ieven  parts  of 
Cinabar  of  Antimony,  the  greateft  part  of  which  is  ufually 
jn  compact  glebes,  that  are  heavy,  fmooth,  mining,  biackifh 
throughout  mod  of  the  mafs,  but  in  fome  places  red  :  ano- 
ther part  thereof  appears  in  mining  needles,  and  the  reft  in 
powder. 

When  all  the  Butter  of  Antimony  is  come  over,  and  you 
begin  to  fee  the  red  vapours  that  predict  the  approaching 
afcent  of  the  Cinabar,  the  receiver  containing  the  Butter  muft 
be  removed,  left  the  colour  of  the  Butter  fhould  be  fpoiled 
by  thofe  fulphureous  vapours.  Another  receiver  is  ufually 
fitted  on,  without  luting;  in  which  a  fmall  quantity  of  run- 
ning Mercury  is  fometimes  found,  when  the  operation  is  fi- 
nimed. 

There  remains,  at  the  bottom  of  the  retort,  a  fixed,  fhin- 
ing,  cryftaliine,  black  mafs,  which  may  be  reduced  to  a  Re- 
gulus by  the  common  method. 

Butter  of  Antimony  may  alfo  be  obtained  from  a  mixture 
of  Antimony  with  any  of  the  other  preparations  of  Mercury 
in  which  the  Acid  of  Sea- fait  is  an  ingredient  -x  fuch  as  fwecx 

Sublimate, 
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Sublimate,  the  Mercurial  Panacea,  and  White  Precipitate: 
but  as  none  of  thefe  combinations  contain  fo  great  a  propor- 
tion of  that  Acid  as  is  in  the  Corrofive  Sublimate,  the  But- 
ter obtained  by  their  means  is  far  from  being  fo  cauilic  and 
fo  fiery  as  that  which'  rifes  from  a  mixture  of  Antimony,  or 
its  Regulus,  with  Corrofive  Sublimate. 

Silver  precipitated  by  the  Acid  of  Sea-falt,  and  ready  to 
be  melted  into  a  Luna  cornea^  being  mixed  with  powdered 
Regulus  of  Antimony  yields  likewiie  a  Butter  of  Antimony. 

If  you  propofe  to  make  it  by  this  means,  you  mufi  min- 
gle one  part  of  the  Regulus  of  Antimony  in  powder  with 
two  parts  of  the  Precipitate ;  put  this  mixture  into  a  glafs 
retort  of  fuch  a  fize  that  it  may  fill  but  one  half  thereof;  fet 
it  in  a  furnace;  apply  a  receiver;  begin  with  a  gentle  heat, 
which  will  make  a  clear  liquor  come  over;  and  then  increafe 
your  fire  by  degrees.  White  vapours  will  rife  and  condcnfe 
into  a  liquid  Butter;  and  in  the  mean  time  there  will  be  a 
flight  ebullition  in  the  receiver,  attended  with  a  little  heat. 
Continue  the  fire  till  nothing  more  will  come  over  ;  then  let 
your  veflcls  cool  and  unlute  them. 

You  will  find  in  the  receiver  an  Oil  or  Butter  of  Antimo- 
ny, partly  fluid  and  partly  congealed,  fomewhat  inclined  to 
yellow,  weighing  an  eighth  part  more  than  the  Regulus  of 
Antimony  made  ufe  of. 

The  infide  of  the  retort  will  be  carpeted  over  with  fmall 
white  flowers,  of  a  brilliant  filver  colour,  and  an  acid  tafte; 
and  in  the  bottom  of  the  retort  will  be  found  a  hard,  corn- 
pad,  ponderous  mafs,  difficult  to  break,  yet  falling  of  itfelf 
to  a  powder;  its  colour  externally  grey,  white,  andblueifh; 
internally  black,  and  mining  much  like  Regulus  of  Antimo- 
ny;  having  a  faltifh  tafte  on  its  furface,  and  weighing,  about 
a  fixteenth  lefs  than  the  Precipitate  of  Silver  employed  in 
the  operation. 

This  experiment  demonftrates  that  the  Acid  of  Sea-falt 
hath  a  greater  affinity  with  Regulus  of  Antimony  than  with 
Silver. 

The  Butter  of  Antimony  prepared  by  this  method  is  fome- 
what lefs  cauftic  than  that  made  with  Corrofive  Sublimate. 
It  is  called  the  Lunar  Butter  of  Antimony. 
-  The  effervefcence  that  arifes  in  the  receiver  is  remarkable. 
Probably  the  Acid  of  Sea-falt,  though  reduced  into  vapours 
when  it  afcends  out  of  the  retort,  is  not  yet  perfectly  com- 
bined with  the  reguline  part  of  the  Antimony,  which  it  ne- 
verthelefs  carries  over  with  it,  and  the  union  is  completed 
in  the  receiver ;  which  occasions  the  effervefcence  obferved. 

The 
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The  little  white  filvery  flowers,  adhering  to  the  infide  of 
the  retort,  are  flowers  of  Regulus  of  Antimony,  which  fub- 
lime  towards  the  end  of  the  diftiliation. 

The  compact  mats,  found  at  the  bottom  of  the  retort,  is 
no  other  than  the  Silver  feparated  from  its  Acid,  and  com- 
bined with  a  portion  of  the  Regulus  of  Antimony.  The 
colours  and  the  faitifn  tafte  of  its  furface  are  occafioned  by  a 
remainder  of  the  Marine  Acid.  This  Silver  is  rendered 
brittle  and  eager  by  the  union  it  hath  contracted  with  fome 
of  the  Regulus  of  Antimony. 

It  is  eafy  to  purify  it,  and  reftore  its  ductility,  by  feparat- 
ing  it  from  the  Regulus  of  Antimony.  There  are  feveral 
ways  of  doing  this  :  one  of  the  moft  expeditious  is  to  flux  it 
with  Nitre,  which  burns  and  converts  to  a  calx  the  femi-metal 
with  which  the  Silver  is  adulterated. 


PROCESS     XII. 

Butter  of  Antimony  decompounded  by  means  of  Water  only. 
The  Pulvis  Algaroth,  or  Mercurius  Vitae.  The  Philofophic 
Spirit  of  Vitriol. 

MELT  with  a  gentle  heat  as  much  Butter  of  Antimony 
as  you  pleafe.  When  it  is  melted,  pour  it  into  a 
large  quantity  of  warm  water.  The  water  will  immediate- 
ly grow  turbid,  but  whitifh,  and  let  fall  a  great  quantity  of 
•white  powder.  When  all  the  precipitate  is  fettled,  decant 
the  water :  pour  on  freih  warm  water;  and  having  thus  edul- 
corated it  by  feveral  ablutions,  dry  it,  and  you  have  the 
Pulvis  Algarothy  or  Mercurius  Vitce. 

OBSERVATIONS. 

In  the  preceding  proceffes  we  obferved  that  the  Marine 
Acid  will  not  diflblve  the  reguline  part  of  Antimony,  unlefs 
it  be  very  highly  concentrated,  and  more  fo  than  it  can  pof- 
fibly  be  while  in  the  form  of  a  liquor.  Of  this  the  experi- 
ment before  us  is  a  further  proof.  Whilit  the  Marine  Acid 
is  fo  perfectly  dephlegmated,  as  it  is  in  Corrofive  Sublimate 
and  Butter  of  Antimony,  it  remains  combined  with  the  re- 
guline part  of  Antimony  ;  but  if  this  combination  be  diflblv- 
ed  in  water,  the  moment  the  Acid  is  weakened  by  the  in- 
terpolation of  the  particles  of  water,  it  becomes  incapable 
of  continuing  united  with  the  femi-metal  which  it  had  be- 

fore 
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fore  diffolved  ;  defercs  it,  and  lets  it  fall  in  the  form  of  a 
white  powder. 

The  Pulvis  Algaroth  is  therefore  no  other  than  the  regu- 
line  part  of  Antimony,  attenuated  and  divided  by  the  union 
it  had  contra&ed  with  the  Acid  of  Sea-falt,  and  afterwards 
feparated  from  that  Acid  by  the  intervention  of  water  alone. 
The  proof  is,  that  this  powder  retains  none  of  the  properties 
of  the  Butter  of  Antimony :  it  is  neither  fo  fufible  nor  fo 
volatile;  on  the  contrary,  it  is  capable  of  fuftaining  a  very 
ftrong  degree  of  fire,  without  fubliming  and  without  melt* 
mg  :  it  may  be  reduced  to  a  Regulus :  it  hath  not  now  the 
fame  cauftic  nature:  it  is  only  an  emetic;  which  however  is 
extremely  violent,  and  on  that  account  is  never  prefcribed 
by  any  prudent  phyfician. 

Another  proof,  that  the  Marine  Acid  is  feparated  from 
the  Regulus  of  Antimony  in  the  precipitation  of  the  Pulvis 
Algaroth^  is,  that  the  water  in  which  this  precipitation  is 
made  becomes  acid,  or  a  fort  of  weak  Spirit  of  Salt.  If.  it 
be  evaporated,  and  concentrated  by  diftillation,  a  very  ftrong 
acid  liquor  may  be  obtained  from  it.  This  Acid  goes,  very 
improperly,  by  the  name  of  the  Philofophic  Spirit  of  Vitriol; 
for  it  is  rather  a  Spirit  of  Salt. 

The  Pulvis  Algaroth,  made  with  Butter  of  Antimony 
procured  from  the  Regulus,  is  whiter  than  that  made  with 
Butter  of  Antimony  procured  from  crude  Antimony  ;  pro- 
bably becaufe  the  latter  always  retains  fome  fulphureous  par- 
ticles. 

Butter  of  Antimony  expofed  to  the  air  attracts  the  moi- 
fture thereof,  and  partly  Funs  into  a  liquor;  but,  as  faft  as 
this  liquor  is  produced,  it  depofites  a  white  fediment,  which 
is  an  actual  Pulvis  Algaroth,  This  alfo  is  very  agreeable  to 
what  we  advanced  touching  the  decompofkion  of  Butter  of 
Antimony  by  the  addition  of  water.  The  Butter  attracts 
the  moifture  of  the  air,  becaufe  the  Acid  it  contains  is  ex- 
ceedingly concentrated;  and  this  moifture  produces  the  fame 
effect  as  water  purpofely  added. 


PROCESS    XIII. 

Bezoar  Mineral.     The  Bezoartic  Spirit  of  Nitre. 

MELT  Butter  of  Antimony  over  warm  afhes,  and  put 
it  into  a  phial  or   matrafs.     Gradually  pour   on   it 
good  Spirit  of  Nitre,  till  the   matter  be  entirely   diftblved. 

This 
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This  ufually  requires  as  much  Spirit  of  Nitre  as  there  is  But- 
ter of  Antimony.  During  the  difTolution  fumes  will  rife, 
which  mud  be  carefully  avoided.  Pour  your  folution,  which 
will  be  clear  and  of  a  reddifh  colour,  into  a  glafs  cucurbit, 
or  a  pan  of  ftone-ware :  fet  it  in  a  fand-bath,  and  evaporate 
to  di  ynefs  with  a  moderate  heat.  There  will  be  left  a  white 
mafs,  weighing  a  fourth  part  lefs  than  the  whole  quantity 
ufed,  both  of  the  Butter  and  the  Spirit  of  Nitre.  Let  it 
cool,  and  again  pour  on  it  as  much  Spirit  of  Nitre  as  you 
uied  the  firit  time.  Place  the  vefTel  again  in  the  fand-bath, 
and  evaporate  the  moiflure  as  before.  You  will  have  a  white 
mats  that  hath  neither  gained  nor  loft  in  weight.  On  this 
pour,  for  the  third  time,  the  fame  quantity  of  Spirit  of  Ni- 
tre as  you  did  the  firft  time.  Again  evaporate  the  moiflure 
to  perfect  drynefs  :  then  increafe  your  fire,  and  calcine  the 
matter  for  half  an  hour.  You  will  have  a  dry,  friable, 
light,  white  matter,  of  an  agreeable  acid  tafte ;  which  will 
fall  into  a  coarfe  powder,  and  mufl  be  kept  in  a  phial  care- 
fully ftopt.  This  is  Bezoar  Mineral:  it  is  neither  cauftic 
nor  emetic,  and  has  only  a  fudorific  virtue.  It  obtained  the 
name  it  bears,  becaufe,  like  the  animal  Bezoar,  it  was  ima- 
gined to  have  the  property  of  refilling  poifon. 

OBSERVATIONS. 

It  is  not  furprifing  that  the  Nitrous  Acid  poured  on  But- 
ter of  Antimony  mould  dilTolve  it,  and  unite  with  it  :  for. 
with  the  Marine  Acid,  which  makes  a  part  of  this  combina- 
tion, it  forms  an  aqua  regis ,  which  we  know  is  the  true  fol- 
vent  of  the  reguline  part  of  Antimony.  But  in  this  dillblu- 
tion,  and  the  changes  it  produces,  there  are  fome  things  ve- 
ry remarkable  and  worthy  of  attention.  1.  The  Nitrous 
Acid,  by  uniting  with  the  Butter  of  Antimony,  deprives  it 
of  its  property  of  rifing  with  a  very  gentle  heat,  and  makes 
it  much  more  fixed  :  it  can  now  be  dried,  and  fufTer  all  its 
moiflure  to  be  evaporated;  which  is  not. to  be  done  with  pure 
Butter  of  Antimony  :  for  that,  being  expofed  to  a  certain 
degree  of  heat,  inftead  of  letting  go  its  moiflure  and  re- 
maining dry,  rifes  wholly,  without  the  leaf!  appearance  of 
any  reparation  of  parts. 

2.  The  Butter  of  Antimony,  which,  before  its  combina- 
tion with  tne  Nitrous  Acid,  is  a  moft  violent  Cauftic  and 
Corrofive,  becomes  i'o  mild  after  it,  that  it  may  not  only  be 
taken  internally  without  danger,  but  hath  fcarce  any  feniible 
operation. 

The 
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The  following  confiderations  will  lead  us  to  a  reafonable 
explanation  of  thefe  phenomena.  I.  The  Nitrous  Acid, 
when  combined  with  metallic  fubftances,  doth  not  commu- 
nicate to  them  the  fame  volatility  as  they  acquire  from  the 
Marine  Acid.  Hence  it  follows,  that,  if  the  Nitrous  Acid 
be  added  to  any  combination  of  a  metallic  fubftance  with  the 
Marine  Acid,  this  new  compound  will  be  rendered  lefs  vo- 
latile, and  confequently  more  able,  without  rifing  in  vapours, 
to  bear  a  degree  of  heat  fufficient  to  carry  off  part  of  its  Acid. 
This  is  the  cafe  with  Butter  of  Antimony,  after  Spirit  of 
Nitre  is  mixed  with  if,  efpecially  confidering,  2.  That  the 
Nitrous  A  cid  cannot  unite  with  the  reguline  part  of  the  But- 
ter of  Antimony  without  weakening  the  connection  between 
it  and  the  Marine  Acid ;  whence  it  follows,  that  the  combi- 
nation of  the  Nitrous  Acid  further  facilitates  the  feparadon 
of  the  Marine  Acid  from  the  Ptegulus.  Now  as  foon  as  the 
Marine  Acid  quits  the  reguline  part,  that  part  becomes  more 
fixed,  and  confequently*  more  capable  of  enduring  the  de- 
gree of  heat  requifite  to  difcharge  all  the  adhering  Acid ; 
and  not  only  the  Marine,  but  even  the  Nitrous  alfo.  It  is 
not  therefore  furprizing  that,  after  the  Antimony  which  re- 
mains combined  with  the  Nitrous  Acid  is  dried,  it  mould 
not  poffefs  that  corrofive  power  which  it  derives  only  from 
the  Acids  wherewith  it  is  armed.  In  order  to  free  it  more 
perfectly  from  all  Acid,  we  order  the  fire  to  be  increafed  af- 
ter the  third  deficcation ;  and  the  remainder  of  the  Butter  of 
Antimony  to  be  calcined  for  a  full  half-hour  longer. 

That  the  Marine  Acid  is  feparated  from  the  reguline  part 
of  the  Butter  of  Antimony,  by  the  defiecations  it  undergoes 
in  converting  it  into  Bezoar,  is  proved  by  this,  that,  when 
thefe  defiecations  are  performed  in  cloie  vefTels,  the  liquor 
drawn  off  is  a  true  aqua  regis^  known  by  the  name  of  the 
Mezoartic  Spirit  of  Nitre. 

It  remains  to  be  confidered  why  the  Bezoar  mineral, 
though  freed  from  all  acid,  is  not  emetic ;  while  the  Pulvis 
Algaroth,  which  is  iikewife  the  reguline  part  of  the  Butter 
of  Antimony  deprived  of  its  Acid,  is  fuch  a  violent  emetic, 
and  even  to  be  dreaded  for  its  remaining  caufticity. 

In  order  to  difcover  the  reafon  of  this  difference,  it  is  pro* 
per  to  obferve  that,  when  we  fay  Bezoar  mineral  and  the 
Pulvis  Algarotb  contain  no  Acid,  we  muft  not  be  under- 
ftood  in  too  ftricl  a  fenfe :  on  the  contrary,  there  is  reafon  to 
think  that  a  certain  quantity  of  Acid  ftili  remains  in  each  of 
them  ;  which  however  is  fcarce  worth  notice,  in  comparifon 
of  the  quantity  each  contained  at  firft.     This  being  allowed, 
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it  will  not  be  hard  to  find  the  difference  between  thefe  two 
preparations  of  Antimony.  The  Pulvis  Algaroth  is  depriv- 
ed of  its  Acid  by  the  addition  of  water  alone,  which  only 
carries  off  all  the  loofc  Acid  it  can  take  up,  without  mak- 
ing any  change  in  the  nature  of  that  which  continues  in 
combination  with  the  reguline  part.  Now,  as  the  Marine 
Acid  is  not  intimately  united  with  the  reguline  part  in  But- 
ter of  Antimony;  as  it  ftill  retains  fome  of  its  properties, 
fuch  as  attracting  the  moifture  of  the  air,  giving  manifeft 
tokens  of  its  Acid  nature,  &c. ;  and  as  the  corrofive  qua- 
lity of  this  compound  depends  on  this  laft  in  particular  ; 
the  fmall  portion  of  Acid  left  in  the  Pulvis-  Algaroth  will  in 
fome  degree  preferve  its  former  character :  and  hence  comes 
the  effect  of  this  powder,  which  ftill  retains  a  little  of  the 
corrofive  quality  that  belonged  to  the  Butter  of  Antimony. 

.But  this  is  not  the  cafe  with  the  fmall  remainder  of  Acid, 
which  poffibly  ftill  continues  united  with  the  Bezoar  mineral 
prepared  as  here  directed.  This  compound  hath  been  expos- 
ed to  a  fire  fufficient,  not  only  to  dry  it,  but  even  to  calcine 
it.  Now  fire  is  capable  of  producing  great  changes  in  the 
texture  of  bodies.  It  muft  have  forced  off  from  the  Bezoar 
all  the  Acid  that  was  not  intimately  combined  with  it ;  and 
that  part  which  it  could  not  drive  off,  becaufe  of  its  obfti- 
nate  adhefion,  it  muft  have  further  united  and  combined 
more  clofely  with  the  metallic  earth :  for  we  fee  that  fire 
greatly  promotes  the  action  of  folvents  on  the  matters  with 
which  they  are  united. 

With  regard  to  the  properly  emetic  quality  of  the  Pulvis 
Algaroth^  it  cannot  be  imputed  to  the  combination  of  any 
Acid  with  that  powder  ;  fince  we  fee  that  the  moft  power- 
fully emetic  preparations  of  Antimony,  viz.  its  Regulus 
and  Glafs,  contain  no  Acid :  it  muft  therefore  be  attributed 
to  fome  caufe  different  from  that  on  which  its  corrofive 
quality  depends.  This  caufe  we  fhall  eafily  find  by  attend- 
ing to  the  different  manners  in  which  the  Marine  Acid, 
when  alone  and  in  aqua  regia,  operates  on  the  reguline  part 
of  Antimony. 

The  Marine  Acid  alone  difiblves  the  Regulus  of  Antimo- 
ny, but  with  great  difficulty  ;  nor  doth  it  effect  a  complete 
diffolution  thereof,  as  is  evident  from  what  hath  been  alrea- 
dy faid  :  whereas  the  Marine  Acid,  combined  with  the  Ni- 
trous Acid,  and  therewith  forming  an  aqua  regis,  as  in  the 
preparation  of  Bezoar,  difiblves  the  reguline  part  of  Anti- 
mony completely  and  radically.  Now,  it  is  certain  that,  the 
more  efficacioufly  Acids  operate  en  metallic  fubftances,  the 
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more  of  their  phlogifton  do  they  deftroy ;  and  we  cannot  but 
recollect  that  the  preparations  of  Antimony  are  fo  much  the 
lefs  emetic  the  lefs  phlogifton  they  contain,  or  the  further 
they  recede  from  the  nature  of  a  Regulus,  and  the  nearer 
they  approach  to  that  of  Diaphoretic  Antimony  :  confequent- 
ly  it  is  plain  how  Bezoar  mineral,  which  is  a  fort  of  calx  of 
Antimony  entirely  deprived  of  its  phlogifton  by  the  intimate 
diflblution  thereof  made  by  the  Acids  of  the  aqua  regis, 
may  be  in  no  degree  emetic  ;  while  the  Pulvis  Alga- 
roth,  being  a  true  Regulus  of  Antimony,  on  which  the 
Marine  Acid  hath  operated  but  very  fuperficially,  and  which 
ftill  contains  a  great  deal  of  phlogifton,  is  a  moft  violent 
emetic. 


PROCESS     XIV. 

Flowers  of  Antimony, 

TAKE  an  unglazed  earthen  pot,  having  an  aperture  in 
its  fide,  with  a  ftopple  to  (hut  it  clofe.  Set  this  pot 
in  a  furnace,  the  cavity  whereof  it  may  fit  as  exactly  as  pof- 
fible  ;  and  fill  up  with  lute  the  fpace,  if  any,  left  between 
the  vefTel  and  the  furnace.  Over  this  vefiel  fix  three  aludels, 
with  a  blind-head  at  the  top;  and  light  a  fire  in  the  furnace 
under  the  pot. 

When  the  bottom  of  the  pot  is  thoroughly  red,  throw  in- 
to the  lateral  aperture  a  fmall  fpoonful  of  powdered  Antimo- 
ny. Stir  the  matter  immediately  with  an  iron  fpatula  made 
a  little  bending,  in  order  to  fpread  it  over  the  bottom  of  the 
vefiel,  and  then  ftop  the  hole.  The  flowers  will  rife  and  ad- 
here to  the  infides  of  the  aludels.  Keep  up  the  fire  fo  that 
the  bottom  of  the  pot  may  always  continue  red;  and,  when 
nothing  more  fublimes,  put  in  a  like  quantity  of  Antimony, 
and  operate  as  before.  In  this  manner  go  on  fubliming  your 
Antimony,  till  you  have  as  many  flowers  as  you  want. 
Then  let  the  fire  go  out  ;  and  when  the  veflfels  are  cold  un- 
lute  them.  You  will  find  flowers  adhering  all  round  the  in- 
fides of  the  aludels  and  the  head,  which  you  may  collect  with 
a  feather. 

OBSERVATIONS. 

Antimony  is  a  volatile  mineral,  capable  of  being  fub- 
limed  into  flowers  ;  but  this  cannot  be  effected  without  oc- 
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cafioning  a  notable  change  in  its  parts.  The  reguline  and 
the  fulphureous  parts  are  not  united  fo  intimately,  or  in  the 
fame  proportion,  in  the  flowers  as  in  the  Antimony  itfelf  y 
and  accordingly  we  find  thefe  flowers  have  a  ftrong  emetic 
quality,  which  Antimony  hath  not.  They  are  of  divers  co- 
lours •,  which  probably  arifes  from  their  containing  more  or 
]efs  Sulphur.  Three  or  four  aludels  are  placed  one  over  ano- 
ther, not  only  with  a  view  to  provide  a  greater  furface,  to. 
which  the  flowers  may  adhere,  but  alfo  to  give  them  room  e- 
nough  to  circulate,  without  which  they  might  burft  the  veflels. 

If  you  introduce  the  nolle  of  a  pair  of  bellows  into  the  pot 
that  contains  the  Antimony,  and  blow  upon  it,  the  fublima-? 
tion  of  the  flowers  will  be  much  fooner  effected.  This  is  a 
general  rule  with  regard  to  all  matters  that  are  to  be  fublim- 
ed  or  evaporated;  tbe  reafon  of  which  we  have  already  given. 

It  is  proper  that  no  interval  be  left  between  the  furnace  and 
the  pot  containing  the  Antimony,  left  the  heat  mould  be 
thereby  communicated  to  the  aludels,  on  which  the  flowers 
fallen  belt  when  they  are  cold. 

After  the  operation,  there  remains  at  the  bottom  of  the. 
pot  a  portion  of  Antimony  half  calcined  ;  which  being  pul- 
verized, and  thoroughly  calcined  till  it  emit  no  fume,  may  be 
employed  to  make  the  Glafs  of  Antimony. 


PROCESS     XV. 

Regulns  of  Antimony  converted  into  Flowers, 

PULVERIZE  your  Regulus  of  Antimony :  put  the  pow- 
der into  an  unglazed  earthen  pot :  three  or  four  fingers 
breadth  above  the  powder,  fit  into  the  pot  a  little  cover* 
made  of  the  fame  earth,  and  having  a  fmall  hole  in  its  mid- 
dle, fo  that  it  may  with  ea,fe  be  placed  in  the  pot,  and  taken, 
out  when  there  is  occafion  :  cover  the  mouth  of  the  pot  with, 
a  common  lid  ;  fet  it  in  a  furnace,  and  kindle  a  fire  under  it 
fufficient  to  make  the  bottom  of  the  pot  red,  and  to  melt  the 
Regulus.  When  it  hath  been  thus  kept  in  fufion  for  about 
an  hour,  let  the  fire  go  out,  and  the  whole  cool.  Then  re- 
move the  two  covers.  You  will  find  adhering  to  the  furface 
of  the  Regulus,  which  will  be  in  a  mafs  at  the  bottom  of  the 
pot,  white  flowers  refembling  mow,  intermixed  with  beau- 
tiful, brilliant,  filver-coloured  needles.  Take  them  out,  and 
you  will  find  them  make  about  one  part  in  fixty-two  of  the 
■whole  Regulus  employed. 

'  Put 


Chap.  r.    PRACTICE   of    CHYMISTRY.       349 

Put  the  covers  again  in  their  places,  and  proceed  in  the 
fame  manner  as  before;  when  the  vefTels  are  cold  you  will 
find  half  as  many  more  flowers  as  you  got  the  firft  time. 

Proceed  thus  till  you  have  converted  all  your  Regulus  into 
flowers.  This  will  require  a  confiderable  number  of  fubli- 
mations,  which,  as  you  advance,  will  always  yield  you  a 
greater  portion  of  flowers ;  refpe£r,,  however,  being  had  to 
the  quantity  of  Regulus  remaining  in  the  pot. 

OBSERVATIONS. 

We  muft  here  repeat  what  we  faid  juft  before,  in  our  ob- 
fervations  on  the  preceding  procefs ;  viz.  that  Regulus  of 
Antimony  is  capable  of  being  wholly  elevated  and  fublimed 
by  the  action  of  fire;  but  that  it  muft  at  the  fame  time  un- 
dergo a  confiderable  change  and  alteration.  Thefe  flowers 
of  Regulus  of  Antimony  are  very  different  from  every  other 
Antimonial  preparation.  They  refemble  the  Pearly  Matter 
in  this,  that  they  cannot  be  reduced  to  a  Regulus  by  any 
means  whatever:  but  they  difFer  from  rt,  1.  in  that  they  are 
not  fixed;  for,  when  melted  by  fire,  they  fly  wholly  away  in 
vapours :  2.  in  that  they  are  capable  of  being  diflblved  by 
aqua  regis>  much  in  the  fame  manner  as  the  Regulus; 
whereas  the  Pearly  Matter  is  known  to  be  indifibluple  by 
any  Acid. 

As  foon  as  Regulus  of  Antimony  is  in  fufion,  it  begins  to 
fublime  into  flowers;  fo  that  it  is  needlefs  to  apply  a  greater 
degree  of  heat  than  is  juft  fuftieient  to  melt  it. 

A  pan  of  fome  width  is  preferable  to  a  crucible  for  this 
operation  ;  becaufe  the  upper  furface  of  the  Regulus  melted,, 
therein  is  larger,  and,  the  larger  that  furface  is,  the  more 
confiderable  is  the  quantity  fublimed  from  it. 

The  two  covers  which  are  applied  within  znd  over  the  pot 
are  defigned  to  check,  as  much  as  pofiible,  the  diflipation  of 
the  melted  Regulus ;  yet  without  abfolutely  excluding  the 
free  accefs  of  the  air,  the  concourfe  of  which  is  ufeful  in  all 
metallic  fublimations.  Notwithftanding  thefe  precautions, 
it  is  impoffible  to  prevent  the  efcape  of  fome  of  the  Regulus, 
in  vapours  that  cannot  be  confined.  Somewhat  lefs  than 
three  fourths  of  the  Regulus  made  ufe  of  is  nearly  the  yield 
in  flowers  :  the  reft  evaporates  through  the  interfaces  hit  by 
the  covers,  which  muft  not  be,  luted  for  the  reafon  juft  af- 
figned. 
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CHAP.       II. 

Of    Bismuth. 


PROCESS     I. 

To  extract  Bifmuth  from  its  Ore, 

BREAK  the  ore  of  Bifrnutb  into  fmall  pieces,  and  there- 
with fill  a  crucible  either  of  earth  or  iron.  Set  the  cru- 
cible in  a  furnace,  and  light  fuch  a  fire  that  the  bits  of  ore 
may  become  moderately  red.  Stir  the  ore  from  time  to  time, 
and,  if  you  perceive  it  crackle  and  fly,  keep  the  crucible  co- 
vered.   At  the  bottom  you  will  find  a  button  of  Bifmuth. 

OBSERVATIONS. 

The  extraction  of  Bifmuth  from  its  ore  requires  nothing 
but  fimple  fufion,  without  the  addition  of  any  inflammable 
matter,  becaufe  it  is  naturally  poffefled  of  its  metalline  form. 
Nor  does  it  require  any  flux;  becaufe  it  is  very  fufible:  which 
allows  us  to  melt  it,  and  collect  it  in  a  mafs,  without  the  ne- 
ceflity  of  fufing  likewife  the  earthy  and  ftony  matters  in 
which  it  is  lodged.  Thefe  matters  remain  in  their  firft  ftate; 
and  the  melted  Bifmuth  defcends  by  its  gravity  to  the  bottom 
of  the  crucible.  No  greater  degree  of  heat  rnuft  be  applied, 
on  this  occafion,  than  is  neceflary  to  melt  the  femi-metal  : 
for,  as  it  is  volatile,  part  of  it  would  be  diffipated  ;  fo  that 
much  lefs  thereof  would  be  obtained,  if  the  fire  were  made 
too  ftrong,  and  fo  much  the  lefs  as  another  portion  thereof 
would  be  converted  into  a  calx.  For  the  fame  reafon,  the 
crucible  mull  be  taken  out  of  the  furnace  as  foon  as  you  per- 
ceive that  all  the  Bifmuth  contained  in  the  ore  is  melted,  and 
that  the  button  doth  not  increafe. 

The  ore  of  Bifmuth  may  alfo  be  treated  like  the  ores  of 
Lead  and  Tin ;  that  is,  it  may  be  reduced  into  a  fine  pow- 
der, mixed  with  the  black  flux,  a  little  Borax,  and  Sea-falt; 
put  into  a  clofe  crucible,  and  fufed  in  a  melting  furnace.  In 
that  cafe  you  will  find  a  button  of  Regulus  covered  with 
fcoria.     By  this  method  rather  more  Bifmuth  is  obtained  ; 
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and  it  is  beft  to  make  ufe  of  it  when  the  ore  is  poor,  becaufe, 
in  fuch  a  cafe,  none  at  all  would  be  obtained  by  the  other 
procefs.  But  here  care  mull  be  taken  to  apply  at  once  the 
degree  of  fire  neceffary  to  melt  the  mixture :  for,  if  it  re- 
main long  in  the  fire,  much  Bifmuth  will  be  loft,  on  account 
of  the  great  volatility  of  this  femi- metal,  and  the  facility  with 
which  it  turns  to  a  calx. 

Bifmuth  is  pretty  frequently  found  pure  in  its  earthy  and 
flony  matrices ;  and  when  mineralized  it  is  ufually  fo  by 
Arfenic,  which,  being  itill  more  volatile,  flies  off  in  vapours 
while  the  ore  is  melting,  provided  it  be  but  in  a  fmall  quan- 
tity :  if  there  be  much  of  it,  and  the  ore  be  fmelted  by  fu- 
fing  it  with  the  black  flux,  the  Arfenic  alfo  is  reduced  to  a 
Regulus,  unites  more  intimately  with  the  Bifmuth,  becomes 
a  little  more  fixed  by  that  union,  and  increafes  the  quantity 
of  the  femi-metallic  mafs  found  after  the  fufion. 

Though  Bifmuth  be  not  ufually  mineralized  by  Sulphur, 
that  is  not  becaufe  it  is  incapable  of  uniting  therewith ;  for, 
if  equal  parts  of  Bifmuth  and  Sulphur  be  melted  together, 
after  the  fufion  the-Bifmuth  will  be  found  increafed  near  an 
eighth  part,  and  formed  into  a  mafs  difpofed  in  needles  much 
like  Antimony. 

When  we  come  to  treat  of  the  ore  of  Arfenic,  we  fhall 
have  occafion  to  fay  a  good  deal  more  concerning  Bifmuth 
and  its  ore ;  becaufe  thefe  minerals  refemble  each  other  very 
much. 

Mr.  Geoffroy,  fon  of  the  Academician,  hath  (hewn  in  a 
Memoir  read  before  the  Academy  of  Sciences,  that  there  is 
a  great  refemblance  between  Bifmuth  and  Lead.  That  Me- 
moir, which  contains  only  the  beginning  of  Mr.  Geoffroy's 
courfe  of  experiments,  proves  that  the  author  fupports  with 
dignity  the  glory  of  his  name.  It  is  there  demonftrated,  by 
a  very  great  number  of  experiments,  that  fire  produces  the 
fame  effects  on  Bifmuth  as  on  Lead.  This  femi-metal  is 
converted  into  a  calx,  into  litharge,  and  into  glafs,  as  Lead 
is ;  and  thefe  productions  have  the  fame  properties  as  the 
preparations  of  Lead  made  with  the  fame  degree  of  fire. 
Bifmuth  is  capable  of  vitrifying  all  the  imperfect  metals,  and 
of  carrying  them  off  through  the  pores  of  the  crucible.  So 
that  Gold  and  Silver  may  be  purified  and  cupelled  by  its 
means,  as  well  as  with  Lead.  You  may  on  this  occafion 
turn  to  what  we  have  faid  concerning  Lead. 
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PROCESS    II. 

Bifmuth  dijfohsd  by  Acids.     Magiftery  of  Bifmuth.     Sympa- 
thetic Ink, 

INTO  a  matrafs  put  Bifmuth  broken  into  little  bits  :  pour 
on  it,  by  little  and  little,  twice  as  much  aqua  fortis. 
This  Acid  will  attack  the  femi-metal  brifkly,  and  diflblve  it 
entirely,  with  heat,  efFervefcence,  vapours,  and  puffing  up. 
The  folution  will  be  clear  and  limpid. 

OBSERVATIONS. 

Of  all  Acids  the  Nitrous  is  that  which  beft  diflblves  Bif- 
muth. It  is  not  neceflary,  on  this  occafion,  to  place  the 
phial,  in  which  the  diftblution  is  performed,  on  a  fand-hear, 
as  in  mod  other  metallic  diffolutions :  on  the  contrary,  care 
muft  be  taken  not  to  pour  on  all  the  aquafortis  at  once  ;  be- 
caufe  it  operates  with  fo  much  activity  that  the  mixture  will 
heave  up  and  run  over  the  vefTel. 

The  bare  addition  of  water  is  fufficient  to  precipitate  the 
folution  of  Bifmuth.  If  this  folution  be  mixed  with  a  very 
Jarge  proportion  of  water,  the  liquor  grows  turbid,  appears 
milky,  and  depofites  a  precipitate  of  a  very  beautiful  white. 
This  is  that  white  which  the  ladies  ufe  at  their  toilets. 

Water  produces  this  precipitation  by  weakening  the  Acid; 
which  probably  is  incapable  of  keeping  the  Bifmuth  diffolv- 
ed,  unlefs  it  have  a  certain  degree  of  itrength. 

If  you  would  have  a  Magiftery  of  Bifmuth  beautifully 
white,  you  muft  perform  the  difiblution  with  an  aqua  fortis 
that  is  not  tainted  with  any  mixture  of  the  Vitriolic  Acid  j 
for  this  gives  the  precipitate  a  dirty  white  colour,  inclining 
to  grey.  Several  authors  advife  the  ufe  of  a  folution  of  Sea- 
falt,  inftead  of  pure  water,  for  precipitating  the  Bifmuth, 
imagining  that  this  Salt  will  effect  a  precipitation  here  as  it 
does  in  the  cafes  of  Silver  and  Lead.  But  Mr.  Pott,  a  Ger- 
man Chymift,  who  hath  publifhed  a  long  difTertation  on  Bif- 
muth, pretends,  on  the  contrary,  that  neither  Sea-falt,  nor 
its  Acid,  is  capable  of  precipitating  this  femi-metal ;  and 
that  when  a  precipitation  takes  place  on  mixing  them  with 
our  folution,  it  is  brought  about  only  by  means  of  the  water 
in  which  thofe  fubftances  are  difTuied. 

Bifmuth  may  alfo  be  precipitated  by  the  means -of  Fixed 
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or  Volatile  Alkalis ;   but  the  precipitate  is  not  of  fo  fine  a 
white  as  when  procured  by  the  means  of  pure  water  only. 

If  a  greater  quantity  of  aqua  fortis,  than  that  prefcribed 
in  the  procefs,  be  made  ufe  of  to  difTolve  the  Bifmuth,  a 
great  deal  more  water  will  alio  be  required  to  precipitate  the 
Magiilery;  becaufe  there  will  be  much  more  Acid  to  weak- 
en. This  white  ought  to  be  well  waihed,  in  order  to  free  it 
from  any  remainder  of  acidity;  and  it  mould  be  kept  in  a 
bottle  well  (topped  ;  cbecaufe  the  accefs  of  the  air  makes  it 
turn  brown,  and  if  any  of  the  Acid  be  left  it  will  turn  it 
yellow. 

A  folution  of  Bifmuth  prepared  with  the  proper  quantity 
of  aqua  fortis,  that  is,  with  two  parts  of  the  Acid  to  one 
of  the  femi-metal,  concretes  into  little  cryftals  alrnoft  as  ibon 
as  made. 

.-■.qua  fori  is  not  only  acls  on  Bifmuth  when  feparated  from, 
its  ere,  and  reduced  to  a  Regains,  but  attacks  it  even  in  its 
ore,  and  likewife  diiToives  at  the  fame  time  feme  portion  of 
the  ore  itfdf.  With  this  folution  of  the  ore  of  Bifmuth  Mr. 
Hellot  makes  a  very  curious  Sympathetic  Ink,  differing  from 
all  that  were  known  before. 

Mr.  Hellot  prepares  the  liquor  in  the  following  manner: 
"  He  hruifes  the  ore  of  Bifmuth  to  a  coarfe  powrder.  On 
"  two  ounces  of  this  powder  he  pours  a  mixture  of  five 
<£  ounces  of  common  water  with  five  ounces  of  aqua  fortis. 
"  He  does  not  heat  the  vefTel  till  the.  firft  ebullitions  are 
"  over.  He  then  fets  it  in  a  gentle  fand-heat,  and  lets  it 
digeft  there  till  he  fees  no  more  air  bubbles  rife.  When 
none  appear  in  this  heat,  he  increafes  it  fo  as  to  make  the 
folvent  boil  flightiy  for  a  full  quarter  of  an  hour.  It  takes. 
up  a  tinehire  nearly  of  the  colour  of  brown  beer.  The 
ore  that  gives  the  aqua  fortis  this  colour  is  the  bed.  He 
then  lets  the  folution  coo],  laying  the  matrafs  en  its  fide, 
that  he  may  decant  the  liquor  more  conveniently  when  ail 
is  precipitated  that  is  not  taken  up  by  the  folvent. 
"  The  fecond  veilel,  into  which  the  liquor  is  firft  decant- 
(i  ed,  he  alfo  lays  declining,  that  a  new  precipitation  of  thg 
"  undifTolved  matters  may  be  obtained  -,  after  which  he 
"  pours  the  liquor  into  a  third  veffel.  This  liquor  muft  not 
*<  be  filtered,  if  you  would  have  the  reft  of  the  procefs  fuc- 
«  ceeu  perfectly ;  becauie  the  aqua  jcrtis  would  difTolve 
"  fome  of  the  paper,  and  that  would  fpoil  the  colour  of 
*'   your  paper. 

"  When  this  folution,  which  Mr.  Hellot  calls  the  Imprcg- 
<c  nation^  is  thoroughly  clarified  by  being  decanted  three  or 
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"  four  times,  he  puts  it  into  a  glafs  bafon  with  two  ounces 
"  of  very  pure  Sea-falt.  The  fine  white  fait  made  by  the 
«  fun  fucceeded  beft  with  Mr.  Hellot.  If  that  cannot  be 
"  had,  common  bay-falt,  purified  by  folution,  filtration,  and 
«  cryllallization,  may  be  ufed  inftead  of  it.  But  as  it  is 
*v  rare  to  meet  with  any  of  the  fort  that  is  not  a  little  taint- 
<c  ed  with  iron,  the  white  bay-falt  is  to  be  preferred.  The 
"  glafs  bafon  he  fets  in  a  gentle  fand-heat,  and  keeps  it 
**  there  till  the  mixture  be  reduced  by  evaporation  to  an  al- 
-<«  moll  dry  faline  mafs- 

"  If  you  defire  to  fave  the  aqua  regis,  the  impregnation 
iS  mud  be  put  into  a  retort,  and  diftilled  with  the  gentle 
«  heat  of  a  fand-bath.  But  there  is  an  inconveniency,  as 
"  Mr.  Hellot  obferves,  in  employing  a  retort ;  which  is,  that, 
"  as  the  faline  mafs  cannot  be  ftirred  while  it  coagulates  in 
"  the  retort,  it  is  reduced  to  a  compa£t  cake  of  coloured 
«  Salt,  which  prefents  but  one  fingle  furface  to  the  water  in 
*'*  which  it  muft  be  difiblved  ;  fo  that  the  difiblution  thereof 
"  takes  up  fometimes  no  lefs  than  five  or  fix  days.  In  the 
<c  bafon,  on  the  contrary,  the  faline  mafs  is  eafily  brought 
"  to  a  granulated  Salt,  by  ftirring  it  with  a  glafs  rod ;  and, 
"  when  thus  granulated,  it  has  a  great  deal  more  furface;  it 
«  diflblves  more  eafiiy,  and  yields  its  tin&ure  to  water  in 
"  four  hours  time.  Indeed  one  is  more  expofed  to  the 
*'  vapours  of  the  folvent,  which  would  be  dangerous,  if  the 
"  operation  were  to  be  often  performed^  without  proper  pre- 
*(  cautions. 

"  When  the  bafon,  or  little  vefTel,  containing  the  mixture 
".  of  the  Impregnation  and  Sea-fait  is  heated,  the  liquor, 
«  which  was  of  an  orange-coloured  red,  becomes  a  crimfon 
"  red  j  and,  when  all  the  phlegm  of  the  folvent  is  evaporat- 
«  ed,  it  acquires  a  beautiiul  emerald  colour.  By  degrees  it 
*<  thickens,  and  acquires  the  colour  of  a  mafs  of  Verdegris. 
"  It  muft  then  be  carefully  ftirred  with  the  glafs  rod,  in  or- 
"  der  to  granulate  the  Salt,  which  muft  not  be  kept  over  the 
**  fire  till  it  be  perfectly  dry  j  becaufe  you  run  a  rifle  of  lof- 
«  ing  irrecoverably  the  colour  you  are  feeking.  You  may  be 
"  fure  you  have  loft  it,  if  by  too  much  heat  the  Salt  that 
"  was  of  a  green  colour  become  of  a  dirty  yellow.  If  it  be 
*<  once  brought  to  this  ftate,  it  will  continue  without  chang- 
*<  ing  when  cold  :  but  if  care  be  taken  to  remove  it  from 
«  the  fire  while  it  is  ltill  green,  you  will  fee  it  gradually  grow 
*?  pale,  and  become  of  a  beautiful  rofe  colour  as  it  cools. 

"  Mr.  Hei lot  removes  it  from  this  veffll,  and  throws  it 
«  into  another  containing  diftilled  rain  water :   and  this  fe- 
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t(  cond  vefTel  he  keeps  in  gentle  digeftion  till  he  obferves 
M  that  the  powder  which  falls  to  the  bottom  is  perfectly 
"  white.  If,  after  three  or  four  hours  digefting,  this  pow- 
"  der  ftill  continues  tinged  with  a  rofe  colour,  it  is  a  proof 
"  that  water  enough  was  not  added  to  diflblve  all  the  Salt 
"  impregnated  with  the  tincture  of  the  folution.  In  this 
"  cafe,  the  firft  tinged  liquor  muft  be  poured  off,  and  frefh 
"  water  added,  in  proportion  to  the  quantity  of  tinged  Salt, 
"  that  is  fuppofed  to  remain  mixed  with  the  precipitate. 

•'  When  the  ore  is  pure,  and  doth  not  contain  a  great 
<(  deal  of  fufible  flone,  commonly  called  Fluor  or  ®?/artZj 
cc  an  ounce  of  it  generally  yields  tin£f.ure  enough  for  eight 
«  or  nine  ounces  of  water,  and  the  liquor  is  of  a  beautiiui 
M  colour  like  that  of  the  lilach  or  pipe-tree  bloflbm.  In  order 
**  to  prove  the  effecl:  of  this  tincture,  you  muft  write  with 
<c  this  lilach-coloured  liquor  on  good  well-gummed  paper, 
c<  that  does  not  fink  :  or  you  may  ufe  it  to  made  the  leaves 
<c  of  fome  tree  or  plant,  having  firft  drawn  the  outlines 
**  thereof  lightly,  with  China-ink  or  with  a  black-lead  pen- 
"  cil.  Let  this  coloured  drawing,  or  writing,  dry  in  a 
"  warm  air.  You  will  perceive  no  colour  while  it  is  cold ; 
«'  but  if  it  be  gently  warmed  before  the  fire,  you  will  fee 
"  the  writing,  or  the  drawing,  gradually  acquire  a  blue  or 
«  greenifh-blue  colour,  which  is  vifible  as  long  as  the  paper 
"  continues  a  little  warm,  and  difappears  entirely  when  it 
«  cools." 

The  Angularity  of  this  fympathetic  ink  confifts  in  its  pro- 
perty of  difappearing  entirely  and  becoming  invifible,  though 
it  be  not  touched  with  any  thing  whatever  :  and  this  diftin- 
guifhes  it  from  all  others ;  which,  when  once  rendered  vifi- 
ble by  the  application  of  proper  means,  do  not  again  difap- 
pear,  or  at  leaft  not  without  touching  the  ftrokes  on  the  pa- 
per with  fome  other  liquor. 

Mr.  Hellot  made  a  vaft  variety  of  experiments  on  this  fab- 
jecT:,  and  gave  his  fympathetic  ink  fucceifively  the  properties 
of  all  others  that  are  known. 

It  follows  from  Mr.  Hellot's  experiments,  that  it  is  the 
Acid  of  Sea-falt  which  makes  this  faline  magma  of  a  greert 
colour  while  it  is  hot :  that  without  this  Acid  the  faline  mat- 
ter continues  red ;  and  that  the  folution  of  Bifmuth-ore  in 
aqua  fortis  may  therefore  ferve  as  a  touch-ftone,  to  difcover 
whether  or  no  any  unknown  Salt  under  examination  contains 
Sea-falt,  or  a  portion  of  the  Marine  Acid. 

He  alio  proves,  in  the  Memoirs  he  hath  given  in  on  this 
fubjecl,  that  the  Nitrous  Acid  is  the  true  folvent  of  thofe  ores 
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of  Bifmuth  which  contain  moreover  Smalt  and  Arfenic. 
That  Acid  diffolves  all  the  metallic  and  colouring  matters 
contained  in  tbofe  ores,  fparing  nothing  but  the  fulphurcous 
and  arfenical  portion,  the  greater!:  part  of  which  remains  pre- 
cipitated ;  and  from  this  colouring  matter  the  fympathetic 
ink  derives  its  virtue. 

Under  the  head  of  Arfenic  we  (hall  fpeak  more  amply  of 
this  matter  in  Cobalt,  or  the  ore  of  Arfenic,  that  gives  a  blue 
colour  to  the  land  with  which  it  is  vitrified. 

The  Vitriolic  Acid  does  not,  properly  fpeaking,  difTolve 
Bifmuth.  If  to  one  part  and  an  half  of  this  femi-metal  you 
add  one  part  of  Oil  of  Vitriol  ;  diftil  the  whole  to  drynefs ; 
and  then  lixiviate  with  water  what  remains  in  the  retort; 
the  liquor  you  obtained  by  this  means  will  be  of  a  reddim  yel- 
low colour,  but  will  let  nothing  fall  when  mixed  with  an 
Alkali :  and  this  fhews  that  the  Vitriolic  Acid  a£ts  only  up- 
on the  inflammable  part  of  Bifmuth,  and  doth  not  difTolve 
its  metallic  earth. 

It  diffolves  the  ore  of  Bifmuth  more  perceptibly  than  Bif- 
muth itielf ;  becaufe  the  ore  contains,  befides  the  reguline 
part,  an  arfenical  matter,  and  a  coloured  matter,  over  which 
perhaps  it  hath  more  power. 

The  Acid  of  Sea-falt  attacks  and  diffolves  Bifmuth  in  fome 
fmall  meafure,  but  {lowly  and  with  difficulty.  That  this 
Acid  diiTolves  a  portion  of  our  femi-metal  may  be  proved, 
by  mixing  a  Fixed  or  Volatile  Alkali  with  Spirit  of  Salt  in 
which  Bifmuth  hath  lain  fome  time  digefting ;  for  then  a 
precipitate  falls. 

But,  though  the  Marine  Acid  be  capable  of  diffolving  Bif- 
muth, it  doth  not  follow  that  it  hath  a  greater  affinity  than 
the  JNiitrous  Acid  with  this  metallic  fubftance,  as  fome  Chy- 
mifU  have  thought;  who  imagined  that,  in  the  precipitation 
of  the  Magiftery  of  Bifmuth  by  a  folution  of  Sea-falt,  the 
Acid  of  that  Salt  quits  its  bafis  to  unite  with  the  Bifmuth 
which  it  precipitates,  as  is  the  cafe  in  the  precipitations  of 
Lead  and  of  Silver  by  the  fame  Salt,  and  that  it  forms,  on 
this  occafion,  a  Bifmuthum  corneum. 

On  this  fubjecl:  Mr.  Pott  obferved,  1.  that,  when  only  a 
fmall  quantity  of  the  folution  of  Sea-falt  is  mixed  with  the 
folution  of  Bifmuth  in  the  Nitrous  Acid,  no  precipitate  is 
formed :  now  it  is  certain  that  when  the  fmalleft  quantity 
whatever  of  Sea-falt  is  mixed  with  the  folution  either  of 
J^ead  or  of  Silver,  a  precipitate  is  immediately  depofited,  in 
a  quantity  proportioned  to  that  of  the  Salt  ufed. 

%.  Mr. 


Chap.  3.     PRACTICE   of   CHYMISTRY.     357 

2.  Mr.  Pott,  having  examined  the  precipitate  of  Bifmuth 
thrown  down  by  a  iblution  of  Sea-falt,  found  it  not  to  have 
the  properties  of  a  metallic  fubftance  rendered  horny :  on 
the  contrary,  that  precipitate  being  expofed  to  a  very  violent 
fire  appeared  refractory,  and  could  not  be  melted. 


CHAP.      III. 

Of   Z  I  N  c. 

PROCESS      I. 

To  extratl  Zinc  from  its  Ore,  or  Calamine. 

TAKE  eight  parts  of  Calamine  reduced  to  a  powder; 
mix  this  powder  accurately  with  one  part  of  fine  char- 
coal-duft,  previoufly  calcined  in  a  crucible  to  free  it  from  all 
moifture  :  put  this  mixture  into  a  flone  retort  coated  with 
lute,  leaving  a  third  part  of  it  empty :  fet  your  retort  in  a 
reverberatory  furnace,  capable  of  giving  a  very  fierce  heat. 
To  the  retort  apply  a  receiver,  with  a  little  water  in  it. 
Kindle  the  fire,  and  raife  it  by  degrees  till  the  heat  be  ftrong 
enough  to  melt  Copper.  With  this  degree  of  fire  the  Zinc 
being  metallized  will  feparate  from  the  mixture,  and  fub- 
lime  into  the  neck  of  the  retort,  in  the  form  of  metallic 
drops.  Break  the  retort  when  it  is  cold,  and  colledfc  the 
Zinc. 

OBSERVATIONS. 

The  procefs  here  given  for  fmelting  Zinc  out  of  Cala- 
mine is  taken  from  the  Memoirs  of  the  Academy  of  Scien- 
ces at  Berlin.  The  author  of  it  is  Mr.  Marggraff,  a  fkilful 
Chymift,  whom  we  have  already  had  occafion  to  mention 
under  the  article  of  Phofphorus. 

Till  this  procefs  was  publifhed,  we  knew  no  method  of 
obtaining  pure  Zinc  directly  from  the  Lapis  Calaminaris. 

Moft  of  the  Zinc  we  have  comes  from  an  ore  of  difficult  fu- 
fiou  that  is  worked  at  Goilar,  and  yields,  at  one  and  the  fame 
time,  Lead,  Zinc,  and  another  metallic  matter  called  Cad- 
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mia  Fornacum,  which  alfo  contains  much  Zinc,  as  we  fhall 
afterwards  fee. 

The  furnace  ufed  for  fmeltingthis  ore  is  clofed  on  its  fore- 
fide  with  thin  plates  or  tables  of  ftone,  not  above  an  inch 
thick.     This  (lone  is  greyifh,  and  bears  a  violent  fire. 

In  this  furnace  the  Ore  is  melted  amidft  charcoal,  by  the 
help  of  bellows.  Each  melting  takes  twelve  hours,  during 
which  time  the  Zinc  flowing  with  the  Lead  is  refolved  into 
flowers  and  vapours,  great  part  of  which  adheres  to  the  fides 
of  the  furnace  in  the  form  of  a  very  hard  cruft  of  earth. 
The  workmen  take  care  to  remove  this  cruft  from  time  to 
time  j  for  it  would  otherwife  grow  fo  thick  at  laft  as  to  lefTen 
the  cavity  of  the  furnace  very  confiderably. 

There  adheres  moreover  to  the  fore-part  of  the  furnace, 
which  is  formed,  as  we  faid  before,  of  thin  plates  of  ftone, 
a  metallic  matter,  which  is  the  Zinc,  and  is  carefully  col- 
lected at  the  end  of  each  melting,  by  removing  from  this 
part  all  the  live' coals.  A  quantity  of  fmall  coal  is  laid  un- 
lighted  at  the  bottom  ;  and  on  this  fmall  coal,  by  ftriking 
the  ftone  plates  gently  with  a  hammer,  the  Zinc  is  made  to 
fall  out  of  the  other  matter,  known  by  the  Latin  name  of 
Cadmia  Fornacum}  among  which  it  appears  fixed  in  a  radiat- 
ed form.  To  this  other  matter  we  may  properly  enough 
give  the  name  of  Furnace -Calamine.  The  Zinc  falls  in  the 
form  of  a  melted  metal,  all  on  fire,  and  in  a  bright  flame. 
It  would  foon  be  entirely  burnt  and  reduced  to  flowers,  as 
we  fhall  fee,  if  it  were  not  extinguifhed,  and  eafily  cooled 
and  fixed,  by  being  hid  under  the  unlighted  fmall-coal  pla- 
ced below  on  purpofe  to  receive  it. 

The  Zinc- adheres -to  the  fore- part  of  the  furnace  prefera- 
bly to  any  other,  becaufe  that  being  the  thinneft  is  therefore 
the  coolefl :  and,  in  order  further  to  promote  its  fixing  on 
this  part,  they  take  care  to  keep  the  thin  ftone  plates  cool 
during  the  operation,  by  throwing  water  on  them. 

Hence  it  appears,  that  Zinc  is  not  extracted  from  its  ore  by 
fufion  and  the  precipitation  of  a  Regulus,  like  other  metal- 
lic fubftance'S.  This  is  owing  to  the  great  volatility  of  our 
femi- metal,  which  cannot,  without  fubliming,  bear  the  de- 
gree of  fire  neceflary  to  melt  its  ore.  It  is  at  the  fame  time 
fo  combuftible,  that  a  great  part  of  it  rifes  in  flowers  which 
have  not  the  metalline  form. 

Mr.  MarggrafF  provides  againft  thefe  inconvenience?  by 
working  the  ore  of  Zinc  in  clofe  velTels.  By  this  means  he 
prevents  the  Zinc  from  taking  fire,  and  being  converted  ' .^a 
flowers  j  fo  that  it  fublimes  in  its  metalline  form. .  The  wa- 
ter 
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ter  in  the  recipient  ferves  to  receive  and  cool  the  drops  of 
Zinc  that  may  be  forced  quite  over  the  helm.  As  the  ope- 
ration requires  a  mod  violent  fire,  thefe  drops  muft  needs 
ifiue  exceeding  hot,  and,  without  this  precaution,  break  the 
recipient. 

Mr.  Marggraffby  the  fame  procefs  extracted  Zinc  out  of 
the  Furnace-Calamine  procured  from  ores  containing  Zinc  ; 
from  Tutty,  which  is  a  fort  of  furnace-calamine ;  from  the 
flowers  and  from  the  calx  of  Zinc ;  and  from  the  precipitate 
of  White  Vitriol  j  all  of  them  matters  known  to  be  Zinc, 
that  wanted  nothing  but  the  phlogifton  to  give  it  a  femi-me- 
talline  form,  and  from  which  neverthelefs  no  body  could  ever 
before  him  procure  any  Zinc. 

Mr.  MarggrafF  obferves,  that  the  Zinc  obtained  by  his 
procefs  bears  being  flatted  under  the  hammer  into  pretty  thin 
plates;  which  the  common  Zinc  will  not  do.  The  caufe  of 
this  probably  is,  that  the  Zinc  obtained  by  his  method  is 
more  intimately  combined  with  the  phlogifton,  and  contains 
a  greater  quantity  thereof,  than  that  which  is  procured  in 
the  ordinary  way. 


PROCESS    II. 

To  fublime  Zinc  into  Flowers. 

TAKE  a  very  deep,  large  crucible :  place  it  in  a  furnace, 
fo  that  it  may  ftand  inclining  in  an  angle  of  forty-five 
degrees  nearly.  Throw  fome  Zinc  into  it,  and  kindle  a  fire 
in  the  furnace  fomewhat  ftronger  than  would  be  necefTary  to 
keep  Lead  in  fufion.  The  Zinc  will  melt.  Stir  it  with  an 
iron  wire,  and  there  will  appear  on  its  furface  a  very  bright 
white  flame  :  two  inches  above  this  flame  a  thick  fmoke  will 
be  formed,  and  with  this  fmoke  exceeding  white  Flowers 
will  rife,  and  remain  fome  time  adhering  to  the  fides  of  the 
crucible,  in  the  form  of  a  very  fine  light  down.  When  the 
flame  flackens,  ftir  your  melted  matter  again  with  the  iron 
wire :  you  will  fee  the  flame  renewed,  and  the  flowers  begin 
again  to  appear  in  greater  abundance.  Go  on  thus  till  you 
obferve  that  the  matter  will  not  flame,  nor  any  more  Flowers 
rife. 

OBSERVATIONS. 
Zinc  takes  fire  very  eafily  as  foon  as   it  is  affe&ed  by  a 
certain  degree  of  heat ;  which  proves,  that  in  the  composition 

•f 
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of  this  femi-metal  there  is  very  much  phlogifton,  united  but 
flightly  with  its  metallic  earth.  The  Flowers  into  which 
Zinc  refolves,  during  its  combuftion,  are  of  a  perfectly  An- 
gular nature,  and  differ  greatly  from  all  the  other  produc- 
tions obtainable  out  of  metallic  fubfiances. 

They  may  be  confidered  as  the  very  calx  of  Zinc,  or  its 
metallic  earth  robbed  of  its  phlogifton,  and  fubiimed  during 
the  combuftion  of  this  femi-metal,  being  probably  carried 
up  by  the  phlogifton  in  flying  off.  For  thefe  Flowers,  when 
once  fubiimed,  are  afterwards  exceedingly  fixed  :  they  fufhin 
the  greatefl  violence  of  fire  without  riling,  and  are  convert- 
ed by  it  into  a  fort  of  glafs. 

None  of  the  methods  hitherto  employed,  for  reftoring  to 
the  Flowers  of  Zinc  their  metalline  form,  have  ever  fucceed- 
ed.  When  treated  like  other  metalline  calces  in  a  crucible, 
with  every  kind  of  inflammable  matter,  and  different  forts  of 
reducing  fluxes,  they  never  can  be  re- metallized :  they  only 
melt  with  the  flux,  and  produce  a  kind  of  Glafs. 

Mr.  Marggraff  indeed,  as  mentioned  before,  obtained 
Zinc  from  thefe  Flowers,  by  treating  them  as  he  did  Cala- 
mine in  a  retort  with  charcoal -duft  :  but  as  the  Flowers  oft- 
en carry  up  with  them  little  particles  or  undecompofed  Zinc, 
there  ftill  remains  fome  doubt  concerning  the  reduction  of 
thefe  Flowers,  even  by  this  method. 

If  the  crucible,  into  which  you  put  the  Zinc  to  be  con- 
verted into  Flowers,  inftead  of  being  left  open,  as  directed, 
be  coveted  with  another  crucible  inverted,  the  two  veflels 
luted  together,  placed  in  a  melting  furnace,  and  a  ftrong 
fire  immediately  kindled  and  kept  up  for  about  half  an  hour  5 
you  will  find,  when  the  veflels  are  cold,  that  all  the  Zinc 
hath  left  the  lower  crucible,  and  is  fubiimed  into  the  upper 
one,  in  its  metalline  form,  without  fuffering  any  decompo- 
fition.  This  experiment  proves,  that  Zinc,  to  be  converted 
into  Flowers,  muft  neceffarily  be  fet  on  fire  and  burnt.  As 
it  cannot  burn  in  clofe  veflels,  any  more  than  other  com- 
buftible  bodies,  and  as  it  is  volatile,  it  fublimes  without  fuf- 
fering any  decompofition.  Pvegulus  of  Antimony  and  Eif- 
muth  may  be  fubiimed  in  the  fame  manner;  but  not  fo  eafi- 
ly  as  Zinc,  which  is  ftill  more  volatile  than  thofe  other  femi- 
metals. 

It  is  neceffary  to  ftir  the  Zinc  in  fufion  from  time  to  time 

with   an   iron  wire,    when  you  intend  to    convert   it   into 

Flowers  :  for  there  forms  on  its  furface  a  grey  cruft  that  ob- 

ftru&s  its  deflagration,    and  beneath  which  it  is  gradually 

1  converted 
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converted  into  a  clotted  calx.  In  order,  therefore,  to  pro-> 
mote  the  riling  cf  the  flowers,  care  mild  be  taken  to  break 
this  cruft,  as  oft  as  it  begins  to  form.  On  this  there  imme- 
diately appears  a  very  bright  white  flame  :  two  inches  above 
the  flame  is  feen  a  thick  fmoke,  and  with  this  fmoke  very 
white  Flowers  rife,  that  continue  feme  time  adhering  to  the 
infide  of  the  crucible,  in  the  form  of  a  fine  down. 

M.  Maiouin,  who,  in  fundry  Memoirs  on  Zinc,  hath  en- 
deavoured to  difcover  what  refemblance  there  is  between  this 
femi-metal  and  Tin,  tried  to  calcine  Zinc  in  the  fame  man- 
ner as  Tin ;  but  found  it  fomewhat  more  difficult.  Zinc, 
while  it  is  not  in  fufion,  doth  not  calcine;  but  it  begins  to 
turn  to  a  calx  the  moment  it  begins  to  melt-  M.  Maiouin, 
having  repeated  the  fufion  of  Zinc  a  great  number  of  timer,, 
by  that  means  collected  at  laft  a  quantity  of  the  calx  of  this 
femi-metal,  reiembling  other  metalline  calces.  This  calx  of 
Zinc  he  melted  in  a  crucible  with  animal  fat;  whereby  the 
calx  was  remetailized,  and  reduced  to  Zinc.  There  is  great 
reafon  to  believe  that  the  calx  of  Zinc  made  by  this  method 
is  not  h  much  burnt  as  the  Flowers,  and  that  it  (till  contains 
a  portion  of  phlogifton. 


PROCESS     III. 

To  combine  Zinc  with  Copper.    Brafs.     Prince's  Metal,  Sec, 

POUND  one  part  and  an  half  of  Calamine,  and  an  equal 
quantity  of  charcoal:  mingle  thefe  two  powders  toge- 
ther, and  moiften  them  with  a  little  water.  Put  this  mix- 
ture into  a  large  crucible,  or  fume  other  earthen  veflel  that 
will  bear  a  melting  heat.  Amongft  and  over  this  mixture 
put  one  part  of  very  pure  Copper  in  thin  plates,  and  then 
put  frefn  charcoal-duft  over  all :  cover  the  crucible;  let  it  in 
a  melting  furnace  ;  put  coals  all  round  it,  and  let  them  kin- 
dle gradually.  liaiie  the  fire  fo  as  to  make  the  crucible  very 
red-hot.  When  you  obierve  that  the  flame  hath  acquired  a 
purple  or  bluifh-green  colour,  uncover  the  crucible,  and  dip 
into  it  an  iron  wire,  to  examine  whether  or  no  the  copper  be 
in  fuiion  under  the  charcoal-duft.  If  you  find  it  is,  mode- 
rate the  force  of  the  fire  a  little,  and  let  your  crucible  re« 
main  in  the  furnace  for  a  few  minutes.  Then  take  it  out 
and  let  it  cool :  you  will  find  your  Copper  of  a  gold  colour, 
increafed  in  weight  a  fourth,  or  perhaps  a  third  part,  and 
yet  very  malleable. 

Z  z  QBSER- 
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OBSERVATIONS. 

The  Lapis  Calaminaris  is  not  the  only  fubftance  with 
which  Copper  may  be  converted  into  brafs  :  all  other  ores 
containing  Zinc,  the  Furnace-Calamine  that  fublimes  where 
fuch  ores  are  worked,  Tutty,  Zinc  in  fubftance,  may  be 
fabitituted  for  it,  and,  like  it,  will  make  very  fine  Brafs; 
but,  in  order  to  fucceed,  fundry  precautions  are  neceffary 
which  we  mail  now  lay  before  you. 

This  procefs  is  a  fort  of  cementation  :  for  the  Calamine 
doth  nor  melt ;  only  the  Zinc  is  converted  into  vapours,  and 
then  combines  with  the  Copper.  On  this  the  fuccefs  of  the 
operation  partly  depends,  as  it  is  the  means  of  the  Copper's 
preferving  its  purity  and  malleability ;  becaufe  the  other  me- 
tallic fubftances  that  may  be  united  with  the  ore  of  Zinc,  or 
with  the  Zinc  itfelf,  not  having  the  fame  volatility,  cannot 
be  reduced  to  vapours.  If  you  are  apprifed  that  the  Cala- 
mine, or- other  ore  of  Zinc  ufed  on  this  occafion,  is  conta- 
minated with  a  mixture  of  any  other  metallic  matter,  you 
mult  mingle  luting  earth  with  the  chareoal-duft  and  the  mat- 
ter containing  the  Zinc;  make  it  into  ftiff  pafte  with  water; 
of  this  make  a  bed  at  the  bottom  of  your  crucible,  and  ram 
it  hard  down ;  lay  the  Copper  plates  thereon,  cover  them 
with  eharcoal-duft,  and  then  proceed  as  before.  By  this 
means  when  the  Copper  melts  it  cannot  fall  to  the  bottom  of 
the  crucible,  nor  mix  with  the  ore ;  but  is  borne  up  by  the 
mixture,  and  cannot  combine  with  any  thing  but  the  Zinc, 
that  rifes  in  vapours*  and*  paffing  through  the  lute,  fixes  in 
the  Copper. 

Lapis  Calaminaris ',  or  other  ore  of  Zinc,,  may  alfo  be  pu- 
rified before  it  be  ufed  for  making  Brafs ;  efpecially  if  adul- 
terated with  Lead  ore,  which  is  often  the  cafe.  For  this 
purpofe  the  ore  mult  be  roafted  in  a  fire  ftrong  enough  to 
give  a  fmall  degree  of  fufion  to  the  leaden  matter ;  which 
will  thereby  be  reduced  into  larger,  heavier,  and  tougher 
naaiies.  The  molt  fubtile  particles  are  diffipated  in  the  tor- 
refaction,  together  with  fome  of  the  Calamine.  The  Cala- 
mine, on  the  contrary,  is  by  roafting  made  more  tender, 
lighter,  and  much  more  friable.  When  it  is  in  this  condi- 
tion^ put  it  into  a  waftiing  tray  or  van ;  dip  the  tray  in  a 
veffel  full  of  water,  and  bruife  the  matter  it  contains.  The 
water  will  carry  off  the  lighted  powder,  which  is  the  Cala- 
mine*, and  leave  nothing  at  the  bottom  of  the  tray  but  the 
heavieft  fubftance  j  that  is  the  leaden  matter,  which  is  to  be 

rejected 
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rejected  as  ufelefs.  The  powder  of  the  Calamine  will  fettle 
at  the  bottom  of  the  veffel,  where,  after  pouring  off  the  wa- 
ter, it  may  be  found,  and  ufed  as  above  directed. 

In  this  operation  the  charcoal-duft  ferves  to  prevent  both 
the  Copper  and  the  Zinc  from  being  calcined  :  and  for  this 
reafon,  when  you  work  on  a  great  quantity  of  materials  at 
once,  it  is  not  neceffary  to  ufe  fd  much  charcoal-dud,  in 
proportion,  as  when  you  work  but  on  a  fmall  quantity  ;  be- 
caufe,  the  greater  the  mafs  of  metal,  the  lefs  eafily  will  it 
calcine. 

Though  the  Copper  melts  in  this  operation,  yet  it  is  far 
from  being  neceffary  to  apply  fuch  a  ltrong  fire  as  Copper 
ufually  requires  to  melt  it :  for  the  acceflion  of  the  Zinc,  on 
this  occafion,  communicates  to  it  a  great  deal  of  fufibility. 
The  increafe  of  its  weight  is  alfo  owing  to  the  quantity  o£ 
Zinc  combined  with  it.  Copper  acquires  fcill  another  ad* 
vantage  by  its  affociation  with  this  femi-metal ;  for  it  remains 
longer  in  the  fire  without  calcining. 

Brafs  well  prepared  ought  to  be  malleable  when  cold.  But 
in  whatever  manner  it  be  made,  and  whatever  proportion  of 
Zinc  there  be  in  it,  it  is  conftantly  found  quite  unmalleable 
when  red-hot. 

Brafs  melted  in  a  crucible,  with  a  fierce  heat,  takes  fire 
almoft  like  Zinc,  and  from  its  furface  many  white  flowers 
afcend,  dancing  about  in  flakes  like  the  flowers  of  Zinc 
They  are  indeed  the  flowers  of  Zinc,  and  the  flame  of  Brafs 
urged  by  a  ftrong  fire  is  no  other  than  the  flame  of  the  Zinc 
that  is  united  with  the  Copper,  and  at  that  time  burns.  If 
Brafs  be  thus  kept  long  in  fufion  it  will  lofe  almoft  all  the 
Zinc  it  contains.  It  will  alfo  lofe  mucb  of  its  weight,  and 
its  colour  will  be  nearly  that  of  Copper.  It  is  therefore  ne- 
ceffary, towards  performing  this  operation  aright,  to  feize 
the  moment  when  the  Copper  is  fufficiently  impregnated 
with  Zinc,  when  it  hath  acquired  the  mod  weight  and  the 
fined  colour,  with  the  lead  detriment  to  its  du&ility,  that  is 
pollible,  and  that  inftant  to  put  out  the  fire^  becaufe,  if  the 
Copper  be  left  longer  in  fufion,  it  will  only  lofe  the  Zinc  al- 
ready united  with  it.  Skill  acquired  by  much  practice,  and 
an  acquaintance  with  the  particular  Calamine  employed,  are 
neceffary  to  guide  the  artid  furely  through  this  operation  -, 
for  there  are  very  confiderabie  differences  between  the  fun- 
dry  ores  of  Zinc.  Some  of  them  contain  Lf  ad,  as  was  laid 
above,  and  in  others  there  is  Iron.  When  thefe  heteroge- 
neous metals  come  to  be  mixed  with  the  Copper,  they  do 
indeed  augment   its  wdght,  but  they  render  it  at,  the  fame 
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time  pale,  and  make  it  very  harfh.  Some  Calamines  re- 
quire to  be  roafted  before  they  can  be  ufed  for  this  purpofer 
-and  in  the  torrefaclion  emit  vapours  of  a  Volatile  Alkali, 
Succeeded  by  vapours  of  a  Sulphureous  Spirit :  others  exhale 
no  vapours  while  roaffing,  and  may  be  employed  without 
any  antecedent  preparation.  Thefe  different  qualities  mufl 
evidently  produce  great  differences  in  the  operation. 

Brafs  may  alfo  be  made  as  Prince's  metal  and  other  imita- 
tions of  Gold  are  actually  made,  by  ufing  Zinc  in  fubitance, 
inftead  of  the  ores  that  contain  it.  But  thefe  compofitions 
have  not,  when  cold,  the  ductility  of  Brafs  prepared  with 
Lapis  Calaminarisy  becaufe  Zinc  is  feldom  pure,  or  frtQ 
from  a  mixture  of  Lead-  Perhaps  alfo  the  different  manner 
in  which  the  Zinc  unites  with  the  Copper  may  contribute  to 
this  variation. 

To  obviate  this  inconvenience,  the  Zinc  mufl;  be  refined 
from  all  alloy  of  Lead  The  property  of  being  indiffoluble 
by  Sulphur,  which  this  femi-metal  poffeffes,  points  out  a 
very  practicable  method  of  doing  it.  The  Zinc  muff  be 
melted  in  a  crucible,  and  ftirred  brifkly  with  a  ftrong  iron 
wire,  while  tallow  and  mineral  Sulphta-  are  alternately  pro- 
jected upon  it ;  but  fo  that  the  quantity  of  Sulphur  may 
greatly  exceed  that  of  the  tallow.  If  the  Sulphur  do  not 
burn  entirely  away,  but  form  a  kind  of  fcoria  on  the  furface 
of  the  Zinc,  it  is  a  fign  that  your  femi-metal  contains  Lead. 
In  this  cafe  you  muff  continue  throwing  in  more  Sulphur, 
and  keep  ftirring  the  Zinc  inceffantly,  till  you  perceive  that 
the  Sulphur  cea'fes  to  unite  any  more  with  a  metallic  fub- 
ffance,  but  burns  freely  on  the  furface  of  the  Zinc.  The 
femi-metal  is  then  refined  ,  becaufe  the  Sulphur,  which  can- 
not diffolve  it,  unites  very  readily  with  the  Lead,  or  other 
metallic  fubfeance,  contained  in  it. 

If  Zinc  thus  refined  be  mixed  with  pure  Copper,  in  the 
proportion  of  a  fourth  or  a  third  part,  and  the  mixture  be 
kept  in  fufion  and  conflantly  ftirring  for  fome  time,  the  Brafs 
produced  will  be  as  ductile,  when  cold,  as  that  made  by  ce- 
mentation with  the  Lapis  Cal&minaris. 

With  regard  to  Prince's  metal,  and  other  imitations  of 
Gold,  they  are  made  either  with  Copper  or  Brafs  re-com- 
bined with  more  Zinc.  As  it  is  neceffary,  for  giving  them 
a  fine  golden  colour,  to  mix  with  them  other  proportions  of 
Zinc  than  that  acquired  to  make  Brafs  only,  they  are  gene- 
rally much  lefs  duciile.  In  1  725,  M.  Geoffroy  gave  a  Me- 
moir on  this  fubjeclj  in  which   he  examined  the  effects   of 

incorpo- 
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incorporating  both  Copper  and  Brafs  with  Zinc,  from  a  fmall 
to  a  very  large  quantity. 


P  R  O  C  E  S  S    IV. 

Zinc  dijfolved  in  the  Mineral  Acids. 


TT/EAKEN  concentrated  Oil  of  Vitriol  by  mixing  wi 
W      it  an   equal  quantity  of  water.     Into  a   rr&trafs  \ 


ith 

put 

the  Zinc  you  intend  to  diffolve,  nrft  broken  to  fmall  pieces. 
Pour  on  it  fix  times  its  weight  of  the  Vitriolic  Acid,  lower- 
ed as  above  directed,  and  fet  the  matrafs  in  a  fand-bath  gen- 
tly heated.  The  Zinc  will  diflblve  entirely,  without  any  fedi- 
ment.  The  Neutral  Metallic  Suit  refuking  from  this  diiib- 
lution  (hoots  into  cryfhls,  which  go  by  the  name  cf  White 
Vitriol^  or  Vitriol  of  Zinc. 

OBSERVATIONS. 

Though  Zinc  be  foluble  in  all  the  Acids,  and  when 
combined  with  thofe  Acids  exhibits  ibme  uncommon  pheno- 
mena, yet  M.  Hellot  is  the  firil  that  ever  gave  a  particular 
account  of  what  happens  in  thofe  diffolutions  :  fo  that  all  we 
have  to  fay  on  this  head  is  extracted  from  that  Gentleman's 
Memoirs.  If  a  folution  of  Zinc  in  the  Vitriolic  Acid,  pre- 
pared according  to  the  directions  in  the  procefs,  be  difti'led 
from  a  retort  placed  in  a  fand-bath  with  a  graduated  heat, 
aimoll  half  the  liquor  prefently  comes  over  in  pure  phlegm. 
A  fmall  quantity  cf  a  Sulphureous  Acid  Spirit  rifes  next* 
A  greater  force  of  fire  is  now  requilite:  the  retort  muft  there- 
fore be  removed  into  a  reverberator,',  and  the  diitillatioit 
Continued  with  a  naked  fire.  On  the  firft  impreilion  of  this. 
heat  an  odour  of  Liver  of  Sulphur  difcovers  itfelf,  which 
becomes  (harp  and  fufrbcating  towards  the  end  of  the  diiiil- 
lation.  In  two  hours  time  white  vapours  begin  to  appear, 
as  in  the  rectification  of  common  Oil  of  Vitriol.  If  the  re- 
ceiver be  then  fhifted,  you  will  obtain  an  Oil  of  Vitriol,  in. 
quantity  about  the  eighteenth  part  of  the  whole  ufed  in  the 
riiftillation,  which,  though  fulphureous,  is  yet  fo  concen- 
trated, that,  if  a  few  drops  thereof  be  poured  into  a  weak 
Oil  of  Vitriol,  they  fall  to  the  bottom  with  as  much  -,oife 
as  if  they  were  fo  many  bits  of  red-hot  iron,  and  heat  this 
Oil  of  Vitriol  as  much  as  common  Oil  of  Vitriol  heats  water.. 

At 
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At  the  bottom  of  the  retort  there  remains  a  dry,  white, 
cryftalline,  faline  mafs,  exceeding  in  weight  the  Zinc  that 
was  diflblved,  about  a  twelfth  part  of  the  whole  weight  of  the 
liquor.  The  increafe  of  its  weight  is  owing  to  a  portion  of 
the  Vitriolic  Acid  that  remains  concentrated  in  the  Zinc, 
and  could  not  be  expelled  by  the  fire.  This  portion  of  Acid 
adheres  to  it  molt  tenacioufly :  for,  though  M.  Hellot  kept 
the  retort  containing  it  during  two  whole  hours  in  fo  violent 
a  fire  that  the  vefTel  began  to  melt,  the  fmalleft  vapour  did 
not  rife  from  it. 

This  faline  caput  mortuum  is  in  the  form  of  needles, 
much  like  the  Sedative  Salt.  It  is  cauftic,  grows  consider- 
ably hot  when  water  is  poured  on  it,  and  gives  in  the  air, 
but  flowly.  Spirit  of  wine,  digefted  with  this  Salt  for  eight 
or  ten  days,  acquires  the  fame  fmell  as  that  which  is  mixed 
with  concentrated  Oil  of  Vitriol  in  preparing  Either. 

Zinc  is  diflblved  by  the  Nitrous  and  Marine  Acids,  much 
in  the  fame  manner  as  by  the  Vitriolic;  except  that  the  Ma- 
rine Acid  does  not  touch  a  black,  fpungy,  rarefied  matter, 
which  it  feparates  from  the  Zinc.  M.  Hellot  found  upon 
trial  that  this  matter  is  not  Mercury,  and  that  it  cannot  be 
reduced  to  a  metallic  fubftance. 

That  ingenious  Chymift  diflilled  likewife  Solutions  of 
Zinc  in  the  Nitrous  and  Marine  Acids.  There  came  over 
at  firft,  as  there  did  from  the  folution  made  by  the  Vitriolic 
Acid,  an  aqueous,  and  then  an  acidulated  liquor.  At  laft, 
by  exciting  the  fire  with  great  violence,  towards  the  end  of 
the  diftillation,  he  obtained  a  fmall  quantity  of  the  Acid 
that  hath  been  employed  in  the  diflblution  :  but  the  fmall 
portion  of  Acid  thus  obtained  was  exceeding  ftrong ;  and  the 
quantity  of  the  Nitrous  much  more  confiderable  than  that  of 
the  Marine  Acid. 

A  folution  of  Zinc  in  the  Marine  Acid,  being  diftilled  to 
drynefs,  yields  a  Sublimate  on  applying  a  violent  heat  to  it. 

All  the  Acids  diflblve  with  eafe,  not  only  Zinc,  but  its 
Flowers  alfo ;  and  that  nearly  in  the  fame  quantity,  and 
with  almoft  all  the  fame  phenomena.  M.  Hellot,  obferving 
that  the  refidues  of  mod  of  the  folutions  of  Zinc  have  a 
great  refemblance  with  its  flowers,  is  of  opinion  that  this  fe- 
mi-metal  may  be  reduced,  by  the  means  of  folvents,  to  the 
fame  ftate  into  which  it  is  brought  by  the  fire  when  fublimed 
in.  Flowers. 


CHAP, 
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CHAP.        IV. 

Of    Arsenic. 


PROCESS     I. 

To  extratl  Arfenic  from  its  Matrices.     Zaffre  or  Smalt. 

POWDER  fome  Cobalt,  white  Pyrites,  or  other  Arfeni- 
cal  matters.  Put  this  powder  into  a  retort  with  a  fhort 
wide  neck,  leaving  a  full  third  thereof  empty.  Set  your  re- 
tort in  a  reverberating  furnace  ;  lute  on  a  receiver;  heat  your 
veffel  by  degrees,  and  increafe  the  fire  till  you  fee  a  powder 
fublime  into  the  neck  of  the  retort.  Keep  up  the  fire  in  this 
degree  as  long  as  the  fublimation  continues :  when  this  begins 
to  flaeken,  raife  your  fire,  and  make  it  as  ftrong  as  the  vef- 
fels  will  bear.  When  nothing  more  afcends,  let  it  go  out. 
On  unlutmg  the  veffels,  you  will  find  in  the  receiver  a  little 
Arfenic  in  the  form  of  a  fine  light  farina.  The  neck  of  the 
retort  will  be  full  of  white  flowers,  not  quite  fo  fine,  fome 
of  which  will  appear  like  little  cryftals  ;  and  if  a  good  deal 
of  Arfenic  be  fublimed,  a  ponderous  matter,  like  a  white, 
femi-tranfparent  glafs,  will  be  found  adhering  to  that  part  of 
the  neck  of  the  retort  which  is  next  its  body. 

OBSERVATIONS. 

Arsenic  is  a  metallic  fubftance  ftill  more  volatile  than 
Zinc;  fo  that  it  cannot  be  feparated  from  the  matters  with 
which  it  is  mixed  otherwife  than  by  fublimation.  It  is  pro- 
per, however,  to  take  notice,  that  it  is  not  naturally  in  a  me- 
tallic form,  and  that,  properly  fpeaking,  the  whole  Sublimate 
obtained  from  Cobalt,  as  above  directed,  is  nothing  but  a 
metallic  calx,  that  cannot  be  brought  to  the  form  and  glofs 
of  a  metal,  till  it  be  worked  up  with  fatty  matters,  as  we 
Ihall  fhew  in  its  place. 

This  calx  is  of  a  very  fingular  nature,  and  differs  from 
every  other  metallic  calx,  in  that  this  is  volatile,  and  all  the 
reft  extremely  fixed ;  even  thofe  procured  from  the  femi-me- 
tals  :  for  the  Flowers  of  Zinc,  which  are  juftly  confidered  as 
a  calcined  Zinc,  though  obtained  by  a  fort  of  fublimation, 

are 
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are  not  for  all  that  of  a  volatile  nature,  but  rather  exceeding- 
ly fixed ;  feeing  they  are  capable  of  fuftatmng  the  molt  vio- 
lent fire,  and  melt  inftead  of  fubliming.  Arfenic,  on  the 
contrary,  is  not  only  extracted  from  its  ore  by  fublimation, 
but  when  once  fublimed  continues  to  be  volatile,  and  flies  off 
in  vapours  as  foon  as  it  is  expofed  even  to  a  moderate  degree 
of  heat. 

This  metallic  matter,  before  it  is  combined  with  the  phlo- 
gifton, is  called  White  Arfenic^  or  plain  Arfenic  :  it  acquires 
the  title  of  Regidus  of  Arfenic  when  it  is  united  with  the 
phlogifton,  and  glitters  like  a  metal. 

Though  Arfenic  be  volatile,  yet  it  requires  a  pretty  ftrong 
fire  to  feparate  it  from  the  minerals  containing  it,  especially 
in  clofe  vefiels ;  becaufe  it  adheres  very  clofe  to  earthy  and 
verifiable  matters.  Tins  adhefion  is  io  firm,  that,  when 
thus  combined,  it  is  capable  of  bearing  a  melting  heat,  and 
vitrifies  with  metallic  calces,  and  other  fufible  matters.  On 
this  account  it  is  impoilible  to  extract  from  Cobalt,  or  other 
Arfenical  matters,  all  the  Arienic  they  contain  by  working 
them  only  in  clofe  veffeis.  If  fuch  matters  are  to  be  freed 
from  all  their  Arfenic,  you  muft,  after  you  have  extracted 
all  they  will  yield  by  diftiilation,  put  them  into  a  crucible, 
and  fet  it  uncovered  in  the  midit  of  a  ftrong  fire.  Many 
Arfenical  vapours  will  ftili  rife ;  and  care  mult  be  taken  to 
ftir  the  contents  of  the  crucible  frequently  with  an  iron  rod, 
to  facilitate  the  difcharge  of  the  remaining  Arfenic. 

It  often  happens  that  the  Arfenic,  obtained  from  minerals 
by  fublimation,  is  not  very  white,  but  of  a  lighter  or  darker 
grey  colour.  This  is  owing  to  fonte  particles  of  inflammable 
matter,  from  which  Arfenical  minerals  are  feldom  quite  free. 
A  very  fmall  quantity  of  phlogifton  is  fufficient  to  deprive 
much  Arfenic  of  its  whitenefs,  and  to  give  it  a  grey  colour. 
But  when  fouled  in  this  manner,  it  may  eafily  be  brought  to  its 
due  degree  of  whitenefs  :  it  need  only  be  fublimed  once  more, 
after  mixing  it  with  fome  fubitance  on  which  it  doth  not  adt-, 
Sea-falt,  for  inftance.  If  the  matters  from  which  Arfenic  is 
extracted  contain  Sulphur  alfo,  as  fome  pyrites  do,  the  Ar- 
fenic fublimes  with  much  lefs  hear,  than  when  it  is  united 
with  earthy  matters  only ;  becaufe  it  combines  with  the  Sul- 
phur, wherewith  it  hath  a  great  affinity,  and  the  Sulphur 
ferves  to  feparate  the  Arfenic,  by  this  interpofition,  from  the 
earth.  In  confequence  hereof,  Sulphur  may  be  employed  to 
extract  Arfenic  out  of  the  earths  in  which  it  is  fixed.  In  this 
cafe,  the  Suiphur  changes  the  colour  of  the  Arfenic,  which 
it  makes  of  a  lighter  or  deeper  yellow,  or  even  red,  in  pro- 
1  portion 
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portion  to  the  quantity  there  is  of  it,  and  to  the  degree  of 
fire  that  hath  acted  on  both  together. 

The  confidence  of  Arfenic  is  different,  according  to  the 
degree  of  heat  applied  in  fubliming  it.  If  the  Arfenical  va- 
pour meet  with  a  cold  place,  it  gathers  there  in  the  form  of 
a  powder,  as  the  Flowers  of  Sulphur  do :  this  is  the  cafe 
with  that  which  falls  into  the  receiver  in  diftilling  it.  But  i£ 
it  be  (lopped  in  a  hot  place,  and  cannot  efcape  from  that 
heat,  it  condenfes  into  a  heavy,  compact,  fcmi-tranfpareht 
body,  having  undergone  the  firft  degree  of  fufion. 

Yet  it  cannot  be  perfectly  melted,  fo  as  to  flow  like  other 
fufed  matters  :  not  that  it  is  refractory  ;  for*  on  the  contrary, 
the  degree  of  heat  in  which  it  begins  to  melt  is  very  mode- 
rate, and  it  is  in  its  own  nature  very  fit  to  promote  the  fu- 
Hon  of  refractory  matters  :  but  the  reafon  is  this  ;  it  is  necef- 
farily  converted  into  vapours  by  the  degree  of  heat  necefTary 
to  fufe  it,  and  thefe  vapours  burft  the  vefTelsj  if  they  find  no 
vent. 

Arfenic  made  yellow  by  a  mixture  of  Sulphur*  which  is 
alfo  called  Orpiment,  is  reducible  to  the  form  of  a  folid  Sub- 
limate with  more  eafe;  becaufe  it  is  alloyed  with  a  twentieth, 
,or  perhaps  a  tenth  part,  of  its  weight  of  Sulphur,  which 
tenders  it  more  fufible. 

Red  Arfenic,  which  contains  ftill  more  Sulphur,  melts 
alfo  more  eafily.  It  then  becomes  of  a  tranfparent  red,  like 
a  ruby :  and  hence,  when  it  is  in  this  form,  it  is  called  Ruby 
of  Arfenic. 

When  a  combination  of  Sulphur  and  Arfenic  is  wanted, 
it  is  better  to  mingle  and  diftil  together  fuch  minerals  as  con- 
tain Sulphur  and  Arfenic,  the  white  and  the  yellow  pyrites, 
for  inftance,  than  to  mingle  pure  Arfenic  with  pure  Sulphur: 
for  the  great  volatility  of  thefe  two  fiibftances  is  a  hinderance 
to  their  uniting ;  whereas,  when  combined  with  ether  mat- 
ters, they  are  capable  of  fuftaining  a  much  greater  degree  of 
heat,  which  favours  and  promotes  their  union. 

Thofe  who  work  by  the  great  do  not  extract  Arfenic  out 
of  Cobalt  by  diftillation :  they  throw  the  ore  mixed  promif- 
cuoufly  with  wood  and  charcoal  into  a  great  furnace,  from 
whence  a  flue  carries  the  vapours  into  a  long  winding  paf- 
fage, acrofs  which  beams  of  wood  are  fixed  at  proper  diftan- 
ces  from  each  other.  The  Arfenical  vapours  being  conduct- 
ed into  this  paffage,  adhere  both  to  the  fides  thereof  and  to 
the  joifls  that  lye  acrofs  it.  The  fuliginous  parts  of  the  com- 
^ultibie  matters  being  lighter  afcend  higher,  and  go  out 
through  a  chimney  at  the  farther  end  of  this  paffage. 

3  A  The 
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The  Arfenic  fublimed  by  this  method  is  not  white,  but  of 
a  grey  colour;  owing  to  the  inflammable  matter  of  the  wood 
and  charcoal  with  which  the  ore  is  torrefied. 

When  all  the  Arfenic  the  Cobalt  will  yield  is  thus  feparat- 
ed,  the  earthy  fixed  matter  left  behind  is  mixed  with  divers 
fuHble  matters  and  vitrified,  and  produces  a  glafs  of  a  beau- 
tiful blue  colour.  It  is  called  Smalt.  This  glafs  is  to  be 
prepared  in  the  following  manner. 

Take  four  parts  of  fine  fufible  fand,  an  equal  quantity  of 
any  Fixed  Alkali  perfectly  depurated,  and  one  part  of  Cobalt 
from  which  the  Arfenic  hath  been  fublimed  by  torrefaction. 
Pulverize  thefe  different  fubftances  very  finely,  and  mix  them 
thoroughly  together ;  put  the  mixture  into  a  good  crucible, 
cover  it,  and  fet  it  in  a  melting  furnace.  Make  a  ftrong  fire, 
and  keep  it  up  constantly  in  the  fame  degree  for  fome  hours. 
Then  dip  an  iron  wire  into  the  crucible ;  to  the  end  of  which 
a  glaffy  matter  will  flick,  in  the  form  of  threads,  if  the  fu- 
fion  and  vitrification  be  perfect;.  In  this  cafe  take  the  cruci- 
ble out  of  the  fire;  cool  it  by  throwing  water  on  it,  and  then 
break  it.  You  will  find  in  it  a  glafs,  which  will  be  of  an  ex- 
ceeding deep  blue,  and  almoft  black,  if  the  operation  hath 
fucceeded.  This  glafs,  when  reduced  to  a  fine  powder,  ac- 
quires a  much  brighter. and  more  lively  blue  colour. 

If  you  find  after  the  operation  that  the  glafs  hath  too  little 
colour,  the  fufion  muff,  be  repeated  a  fecond  time,  with  twice 
or  thrice  the  quantity  of  Cobalt.  If,  on  the  contrary,  the 
glafs  be  too  dark,  lefs  Cobalt  muft  be  ufed. 

Inftead  of  the  mixture  here  prefcribed  you  may  employ  a 
ready-made  glafs,  providing  it  be  white  and  fufible.  But  as 
glafs  is  always  hard  to  melt,  and  as  the  mixing  Cobalt  with 
it  renders  it  flill  more  refractory,  therefore  though  an  Alka- 
line Salt  be  one  of  the  ingredients  in  its  composition,  it  is 
proper  to  promote  the  fufion,  by  mixing  therewith  calcined 
wine-lees,  in  the  quantity  of  one  third  part  of  the  weight  of 
the  Cobalt. 

In  order  to  make  the  afiay  of  a  particular  Cobalt,  with  a 
view  to  know  what  quantity  of  blue  glafs  it  will  yield,  it  is 
necefiary  to  perform  the  operation  in  the  manner  here  fet 
down  ;  a  great  deal  of  time  and  trouble  may  be  faved  by 
melting  one  part  of  Cobalt  with  two  or  three  parts  of  Borax. 
This  Salt  is  very  fufible,  and  turns,  when  melted,  into  a  fub- 
ftance  which,  for  a  time,  poftefies  all  the  properties  of  glafs. 
In  this  trial  the  glafs  of  Borax  will  be  nearly  of  the  fame 
colour  as  the  true  glais,  or  Smalt}  made  with*  the  fame 
Cebak. 
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The  ores  of  Bifmuth,  as  well  as  Cobalt,  yield  a  matter 
that  colours  glafs  blue;  nay,  the  Smalt  made  with  thefe  ores 
is  more  beautiful  than  that  procured  from  the  ore  of  pure 
Arfenic.  Some  Cobalts  yield  both  Arfenic  and  Bifmuth. 
When  fuch  Cobalts  are  ufed,  it  is  common  to  find  at  the 
bottom  of  the  crucible  a  little  button  of  metallic  matter, 
which  is  called  Regulus  of  Cobalt.  This  Regulus  is  a  fort  of 
Bifmuth,  generally  adulterated  with  a  mixture  of  ferruginous 
and  arfenical  parts. 

The  heavieft  and  moft  fixed  Flowers  of  Arfenic,  procured 
from  Cobalt,  have  likewife  the  property  of  giving  a  blue  co- 
lour to  glafs.  But  this  colour  is  faint :  it  is  owing  to  a  por- 
tion of  the  colouring  matter  carried  up  along  with  the  Arfe- 
nic. Thefe  Flowers  may  be  made  an  ingredient  in  the  com- 
pofition  of  blue  glafs,  not  only  becaufe  of  the  colouring  prin- 
ciple they  contain,  but  alfo  becaufe  they  greatly  promote 
fufion ;  Arfenic  being  one  of  the  molt  efficacious  fluxes 
known. 

In  (hort,  all  thofe  blue  glares,  or  Smalts,  contain  a  cer- 
tain quantity  of  Arfenic;  for  a  portion  of  this  femi-metal  al- 
ways remains  united  with  the  fixed  matter  of  the  Cobalt, 
though  roafted  for  a  long  time,  and  in  a  very  hot  fire.  The 
portion  of  Arfenic  that  is  thus  fixed  vitrifies  with  the  colour- 
ing matter,  and  enters  into  the  compofition  of  the  Smalt. 

The  blue  glafs  made  with  the  fixed  part  of  Cobalt  hath 
feveral  names,  according  to  the  condition  in  which  it  is. 
When  it  hath  undergone  the  firft  imperfect  degree  of  fufion 
only  it  is  called  Zaffre.  It  takes  the  name  of  Smalt  when 
perfectly  vitrified :  and  this  again  being  pulverized  is  called 
Pawder-hlue,  or,  if  finely  levigated,  Blue  Enamel ;  becaufe 
it  is  ufed  in  enamelling,  as  well  as  in  painting  earthen  ware 
and  porcelain. 


P  R  O  C  E  S  S    II. 

To  feparate  Arfenic  from  Sulphur* 

POWDER  the  yellow  or  red  Arfenic  which  you  intend 
to  feparate  from  its  Sulphur.  Moiften  this  powder 
with  a  Fixed  Alkali  refolved  into  a  liquor.  Dry  the  mixture 
gently ;  put  it  into  a  very  tall  glafs  cucurbit,  and  fit  on  a 
blind-head.  Set  this  cucurbit  in  a  fand-bath  ;  warm  the  vef- 
fels  gently,  and  increafe  the  fire  by  degrees,  till  you  perceive 
that  no  more  Arfenic  fublimes.  The  Arfenic,  which  before 
,         3  A  2  v/as 
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was  yellow  or  red,  rifes  into  the  head  partly  in  white  flow- 
ers, and  partly  in  a  compact,  white,  femi-tranfparent  mat* 
ter,  which  looks  as  if  it  were  vitrified.  The  Sulphur  com? 
bined  with  the  Fixed  Alkali  remains  at  the  bottom  of  the 
cucurbit. 

OBSERVATIONS. 

A  Fixed  Alkali  hath  more  affinity  than  any  metallic  fub- 
ftance  with  Sulphur :  fo  that  it  is  not  furprifmg  Sulphur 
fhould  be  feparated  from  Arfenic  by  its  interpofuion.  Yet 
there  is  an  inconvenience  attends  the  ufe  of  it :  for  it  hath  a 
great  affinity  with  the  Arfenic  alio,  and  fo  always  retains 
fome  part  thereof,  which  continues  fixed  with  it.  For  this 
reafon  care  fhould  be  tal^en  not  to  mix,  with  fulphurated  Ar- 
fenic, a  greater  quantity  of  Alkali  than  is  neceflary  to  abforb 
the  Sulphur  it  contains.  Nothing,  however,  but  experience 
and  repeated  trials  can  teach  us  the  exact  quantity  of  Alkali 
that  ought  to  be  employed;  becaufe  the  quantity  of  Sulphur 
that  may  be  contained  in  yellow  or  red  Arfenic  is  indefinite. 

The  veiTel  ought  to  be  tall,  that  the  upper  part  of  the  head, 
where  the  Arfenical  particles  condenfe,  may  be  the  lefs  ex- 
pofed  to  heat.  Towards  the  end  of  the  operation  the  lire 
muft  be  ftrongly  excited,  fo  as  to  make  the  fand  red-hot ; 
becaufe  the  laft  portions  of  Arfenic  that  rife  are  ftrongly  re- 
tained by  the  Fix,ed  Alkali. 

Arfenic  that  is  grey  or  blackifh  may  be  depurated  and 
whitened  by  the  fame  means ;  becaufe  a  Fixed  Alkali  abforbs 
the  phlogifton  like  wife  with  great  avidity.  Mercury,  as  well 
as  a  Fixed  Alkali,  is  an  excellent  additament  for  Separating 
Arfenic  from  Sulphur.  If  you  will  ufe  it  for  that  purpofe, 
reduce  the  fulphurated  Arfenic  to  a  very  fine  powder,  by 
rubbing  it  a  long  time  in  a  ghfs  mortar ;  when  it  is  well  pul- 
verized, let  a  few  drops  of  Mercury  fall  upon  it,  by  lqueez- 
ing  it  through  champy,  and  continue  the  trituration.  The 
yellow  or  red  colour  of  the  Arfenic  will  infenfibly  change, 
and  gradually,  grow  darker  as  the  Mercury  incorporates  with 
it.  When  the  Mercury  is  perfectly  killed,  add  a  little  more 
of  it  than  you  did  the  firfl.  time,  and  in  the  fame  manner : 
continue  to  triturate  till  it  difappear ;  and  thus  go  on  adding 
more  and  more  till  the  Mercury  you  add  remain  quick,  and 
you  can  kill  no  more  of  it.  Neither  the  red  nor  the  yel- 
low colour  will  then  appear  in  the  mixture;  which  will  be 
grey,  if  it  contain  but  a  little  Sulphur,  and  black,  i£  a  great 
Jeal. 


Chap.*    PRACTICE   of   CHYMISTRY.     573 

Put  this  mixture  into  a  very  tall  glafs  cucurbit  \  fit  on  a 
Wmd-head;  fet  it  in  a  fand-bath,  and  bury  it  in  the  fend  as 
far  as  the  contained  mixture  reaches.  Heat  the  vcfTels,  and, 
during  the  whole  operation,  keep  up  a  degree  of  fire  a  little 
weaker  than  that  required  for  fubliming  Cinabar.  White 
Arfenical  Flowers  will  adhere  to  the  upper  part  of  the  head, 
amongft  which  will  be  fome  beautiful  cryfhls  of  Arfenic-; 
and  underneath  them  you  will  find  fome  Cinabar  fublimed, 
but  not  entirely  free  from  Arfenic.  If  you  defire  to  have 
your  Cinabar  and  your  Arfenic  purer,  and  more  unmixed 
with  each  other,  feparate  the  upper  fublimate,  which  is  Ar- 
fenical, from  the  lower,  which  confifts  chiefly  of  Cinabar. 
Powder  each  of  them  coarfely,  and  fublime  them  feparately 
each  in  a  different  cucurbit. 

On  this  occafion  the  Mercury  feparates  the  Sulphur  from 
the  Arfenic,  becaufe  it  hath  a  greater  affinity  than  Arfenic 
with  that  mineral.  It  is  not  the  only  metallic  fubflance  of 
this  character:  for,  as  hath  been  fhewn,  there  are  feveral 
others  that  have  a  greater  affinity  than  Mercury  with  Sul- 
phur, being  able  to  decompofe  Cinabar  by  their  incerpofi- 
tion.  Yet  thofe  metallic  fubftances  mufl  not  be  fubftituted 
for  Mercury  in  the  prefent  operation  :  becaufe  there  is  none 
of  them  but  hath  at  the  fame  time  a  very  great  affinity  with 
Arfenic,  or  even  as  ftrong  an  one  as  they  have  with  Sul- 
phur; whereas  Mercury  will  by  no  means  unite  with  Ar- 
fenic. 

This  method  of  feparating  Arfenic  from  Sulphur  hath  two 
advantages  over  that  in  which  a  Fixed  Alkali  is  the  medium. 
The  firft  is,  that  by  this  means  all  the  Arfenic  contained  in 
the  mixture  is  extracted  out  of  it ;  and  the  fecond,  that,  as 
Mercury  doth  not  abforb  Arfenic,  we  are  not  put  to  the 
{rouble  of  groping  out,  as  it  were,  by  trials  the  quantity  ne- 
cefTary  to  be  added  ;  and  that,  though  more  be  added  than 
is  neceiTary  to  abforb  all  the  Sulphur,  it  will  be  of  no  pre- 
judice to  the  operation.  But  then  it  is  attended  with  i\\z  in- 
convenience of  being  much  more  tedious  and  more  laborious 
than  the  other.  For,  in  the  firft  place,  it  requires  previous- 
ly a  very  tirefome  trituration,  in  order  to  procure  an  union 
between  the  Sulphur  and  the  Mercury,  and  fo  to  form  an 
^Ethiops  ;  without  which  the  Mercury  and  the  fulphurated 
Arfenic  will  fubiime  feparately,  io  that  no  decompofition 
wiii  be  effected.  Secondly,  though  the  Mercury  be  fuffici- 
enriy  united  with  the  Sulphur  of  the  Arfenic  by  the  long 
trituration  that  precedes  the  fublimation,  this  doth  not  pre- 
vent, as  we  took  notice   above,  the  fublimed  Arfenic  and 

Cinabar 
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Cinabar  from  being  in  fome  meafure  blended  together ;  fo 
that  each  requires  a  fecond  feparate  fublimation  to  render  it 
very  pure. 

Thefe  inconveniencies  canfe  a  Fixed  Alkali  to  be  ufed 
preferably  to  Mercury  5  the  lofs  of  a  fmall  quantity  of  the 
Arfenic,,  which  remains  united  with  the  Alkali,  being  little 
regarded ;  as  that  metallic  fubftance  is  neither  fcarce  nor 
precious. 

When  Arfenic  is  united  with  a  great  quantity  of  Sulphur, 
it  may  be  freed  from  a  part  thereof  without  the  intervention 
of  any  third  body :  it  is  fufficient  for  the  purpofe  to  fublime 
it  with  a  very  gentle  fire,  increafed  by  infenfible  degrees. 
The  raoft  fulphureous  part  afcends  firft  ;  what  rifes  after*, 
wards  is  more  Arfenical,  and  lefs  fulphureous  ;  and  the  lad 
flowers  of  all  are  pure  Arfenic,  or  at  leaft  nearly  fo. 


PROCESS     III. 

To  give  Arfenic  the  Metalline  Form.     Regulus  of  Arfenic, 

TAKE  two  parts  of  white  Arfenic  in  fine  powder,  one 
part  of  the  black  flux,  half  a  part  of  Borax,  and  as 
much  clean  iron  filings.  Rub  the  whole  together,  in  order 
to  mix  them  thoroughly.  Put  this  mixture  into  a  good  cru- 
cible, and  over  it  put  Sea-falt  three  fingers  thick.  Cover 
the  crucible  \  fet  it  in  a  melting  furnace ;  and  begin  with  a 
gentle  fire  to  heat  the  crucible  equally. 

When  arfenical  vapours  begin  to  afcend  from  the  crucible, 
raife  the  fire  immediately  fo  as  to  melt  the  mixture.  Exa- 
mine whether  or  no  the  matter  be  thoroughly  melted,  by  in- 
troducing an  iron  wire  into  the  crucible;  and  if  the  fufion 
be  perfect,  take  the  crucible  out  of  the  furnace.  Let  it  cool ; 
break  it  \  and  you  will  find  in  it  a  Regulus  of  a  white  and 
livid  metallic  colour,  very  brittle,  fcarcely  hard,  but  rather 
friable. 

OBSERVATIONS. 

White  Arfenic  is,  as  hath  been  faid,  a  metallic  calx; 
and  confequently  wants  no  more,  in  order  to  its  acquiring 
the  metalline  properties,  than  to  be  combined  with  the  phlo- 
gifton  :  this  is  effected  by  the  operation  before  us. 

The  Iron  added  doth  not  ferve  here,  as  in  making  the  Re- 
gulus of  Antimony,  to  precipitate  the  Regulus  of  Arfenie, 

by 
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by  feparating  it  from  fome  other  fubftance  with  which  it  waS 
united  :  on  this  occafion  it  does  nothing  but  join  the  Regu* 
lus  of  Arfenic,  to  which  it  gives  folidity  and  confidence* 
This  is  the  only  reafon  of  its  being  made  an  ingredient  in 
the  mixture ;  as  the  R.egulus  of  Arfenic,  without  it,  would 
have  fuch  a  tender  confidence,  that  it  could  fcarce  be  handled 
without  falling  afunder  into  little  bits.  The  Iron  procures  a 
further  advantage  in  this  procefs  ;  which  is,  that  it  prevents 
a  great  quantity  of  Arfenic  from  being  loft  in  vapours  \  for 
the  Arfenic,  with  which  it  combines,  is  reftrained,  and,  in 
fome  meafure,  fixed  by  it. 

Copper  may  be  fubflituted  for  Iron,  and  procures  the  fame 
advantages. 

It  is  very  necefiary  to  remove  the  crucible  from  the  fire  as 
foon  as  the  matter  is  melted,  and  indeed  to  cool  it  as  expe- 
ditioufly  as  poflible,  to  prevent  the  Arfenic  from  flying  olf 
in  vapours:  for,  when  once  the  Regulus  is  formed,  the  pro- 
portion of  Arfenic,  with  refpect  to  that  of  the  metal  mixed 
with  it,  is  continually  leflening  while  it  flays  in  the  fire;  fo- 
that,  after  fome  time,  there  will  be  left  in  the  crucible,  not 
a  Regulus  of  Arfenic,  but  only  Iron  or  Copper,  alloyed 
with  a  little  Arfenic.  On  this  occafion  the  Copper  turns 
white,  and  afiumes  the  colour  of  Silver;  but  it  foon  tarnifh- 
es  in  the  air. 

It  is  eafy  to  perceive,  by  what  hath  been  faid,  that  the 
Regulus  of  Arfenic  made  according  to  this  procefs  is  never 
pure,  but  contains  always  a  confiderable  quantity  of  Iron  or 
Copper,  whatever  precautions  be  ufed  :  but  it  is  difficult  to 
avoid  this  inconvenience,  for  the  reafons  above  afligned;  and 
if  we  attempt  to  fufe  Arfenic  alone,  with  reducing  fluxes, 
•the  greater!:  part  thereof  is  diflipated  in  vapours,  long  before 
the  very  flux  begins  to  melt :  and  that  part  of  it,  which  is 
found  metallized,  is  not  collected  in  one  mafs  at  the  bottom 
of  the  crucible,  as  in  other  metallic  reductions  ;  but  in  fmall 
particles,  difperfed  and  mixed  among  the  fcorice.  There  are 
neverthelefs  feveral  expedients  for  obtaining  a  Regulus  of 
Arfenic  abfolutely  pure,  and  unalloyed  with  any.  metallic 
fubftance* 

Firft :  into  a  little  low  cucurbit,  covered  with  a  blind- 
head,  put  Regulus  of  Arfenic  made  with  Iron  or  Copper; 
fet  this  cucurbit  in  a  fand-bath  ;  heat  it  till  the  fand  begins 
to  grow  red,  and  you  will  fee  part  of  the  Regulus  fublime 
into  the  head,  ftill  retaining  its  metalline  fplendour.  The 
portion  of  Regulus  thus  fublimed  is  pure  Arfenic,  or  at  leaft 
contains  but  a  very  fmall  portion  of  the  adventitious  metal, 

which 
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which  may  have  been  carried  up  with  it.  What  is  left  iri 
the  bottom  of  the  cucurbit  is  the  metal  that  was  added,  ftill 
containing  a  little  Arfenic,  which  continues  obftinately  fixed 
with  it,  and  which  the  violence  of  fire  is  unable  to  force 
away  from  it  in  clofe  veflels. 

Secondly  :  mix  your  Arfenic  in  equal  parts  with  the  black 
flux  ;  put  the  mixture  into  fuch  a  cucurbit  as  that  laft  men- 
tioned ;  and  apply  to  it  the  ftrongeft  degree  of  heat  that  can 
be  procured  by  a  fand-bath  ;  arfenical  flowers,  of  a  blackifh 
grey  colour,  will  firft  fublime  into  the  head,  and  after  them 
a  Ptegulus  of  Arfenic  of  a  white  metalline  colour,  which  is 
pretty  gioffy,  but  tarnifhes  very  foon  in  the  air.  This  Re- 
gulus  hath  no  folidity  :  it  is  exceedingly  friable  ;  but  it  is 
pure. 

Thirdly  :  I  have  alfo  made  a  Regulus  of  pure  Arfenic  by 
another  method,  which  produces  a  much  greater  quantity 
thereof,  with  a  much  fmaller  degree  of  heat.  For  this  pur- 
pofe  I  powder  the  Arfenic,  and  mix  with  it  any  Fat  Oil  ;  fo 
that  the  mixture  may  be  like  a  liquid  pafle  :  this  parte  I  put 
into  a  little  phial  of  thin  glafs,  like  one  of  thofe  ufed  by 
apothecaries  •,  I  fet  this  phial  in  a  fand-bath,  and  gradually 
heat  it,  till  the  bottom  of  the  pot  containing  the  fand  begin  to 
-be  red.  Part  of  the  Oil  firft  rifes  out  of  the  phial  in  vapours, 
which  mutt  be  fuffered  to  pafs  off.  After  this  the  upper  part 
of  the  phial  is  gradually  lined,  on  the  infide,  with  a  glitter- 
ing metallic  cruft,  which  makes  it  look  like  a  quick- filvered 
glafs.  This  cruft  is  the  Regulus  of  Arfenic.  When  it  be- 
gins to  fublime,  the  mouth  of  the  phial  muft  be  flightly 
flopped  with  a  bit  of  paper,  and  the  heat  increafed  a  little, 
till  you  fee  that  nothing  more  rifes. 

If  you  break  the  bottle  after  the  operation,  you  will  find 
its  upper  part  crufted  over  with  a  coat  of  Regulus,  thicker 
or  thinner  in  proportion  to  the  quantity  of  Arfenic  employ- 
ed. The  Regulus  is  in  a  mafs,  of  a  beautiful  brilliant  co- 
lour, which  to  me  feems  to  ftand  the  air  better  than  that  of 
any  Regulus  made  by  other  methods ;  probably  becaufe  of 
the  great  quantity  of  fat  matter  with  which  it  is  united,  and 
by  which  it  is  defended. 

This  Regulus  of  Arfenic  is  abfolutely  pure,  and  a  much 
greater  quantity  thereof  is  obtained,  by  this  method,  than  by 
treating  it  with  the  black  flux  \  becaufe  the  Arfenic  is  much 
fooner  and  more  eafily  combined  with  the  inflammable  mat- 
ter :  and  hence  it  comes  to  pafs  that  part  of  the  Arfenic 
doth  not  rife  at  firft  in  grey  flowers,  as  in  operating  with  the 
tyack  flux.  Moreover,  by  our  procefs,  all  the  Arfenic  is 
t  fublimed 
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fublimed  in  Regulus  :  whereas,  when  the  black  flux  is  em- 
ployed, a  pretty  confiderable  part  of  the  Arfenic  unites  with 
the  alkaline  part  of  the  flux,  and  remains  fixed  therewith. 
In  our  operation  there  is  nothing  left  at  the  bottom  of  the 
phial,  except  an  oily,  light,  but  very  fixed  coal. 

Regulus  of  Arfenic,  in  whatever  manner  made,  may  be 
eafily  reduced  into  white,  cryftalline  Arfenic,  by  the  means 
of  a  Fixed  Alkali,  or  of  Mercury,  applied  in  the  fame  man- 
ner as  for  feparating  Arfenic  from  Sulphur. 


PROCESS     IV. 

To  difiil  the   Nitrous  Acid  by  the  interpofition  of  Arfenic. 
Blue  Aqua  Fortis.     A  new  Neutral  Salt  of  Arfenic. 

PULVERIZE  finely  any  quantity  you  pleafe  of  refined 
Sak-petre.  Mix  it  accurately  with  an  equal  weight  of 
white  cryftalline  Arfenic,  well  pulverized,  or  eife  with  very 
white  and  very  fine  flowers  of  Arfenic.  Put  this  mixture 
into  a  glafs  retort,  leaving  one  half  of  it  empty.  Set  your 
retort  in  a  reverberating  furnace  ;  apply  a  receiver  having  a 
fmall  hole  drilled  in  it,  and  containing  a  little  filtered  rain- 
water; lute  the  receiver  to  the  retort  with  ftiff  lute.  Begin 
with  putting  two  or  three  fmall  live  coals  in  the  afti-hole  of 
the  furnace,  and  replace  them  with  others  when  they  are 
ready  to  go  out.  Go  on  thus  warming  your  veflTels  by  infen- 
fible  degrees,  and  put  no  coals  in  the  fire-place,  till  the  re- 
tort begin  to  be  very  warm.  You  will  foon  fee  the  receiver 
filled  with  vapours  of  a  dark-red,  inclining  to  a  ruiTet  colour. 
With  a  bit  of  lute  flop  the  little  hole  of  the  receiver.  The 
vapours  will  be  condenfed  in  the  water  of  this  velTel,  and 
give  it  a  very  fine  blue  colour,  that  will  grow  deeper  and 
deeper  as  the  diftillation  advances.  If  your  Salt-petre  was 
not  very  dry,  fome  drops  of  Acid  will  alfo  come  over,  and 
falling  from  the  nofe  of  the  retort  mix  with  the  water  in  the 
receiver.  Continue  your  diflillation,  increafing  the  fire  little 
by  little  as  it  advances,  but  exceeding  flowly,  till  you  fee 
that  when  the  retort  is  red-hot  nothing  more  comes  off;  and 
then  let  your  veilels  cool. 

When  the  veffels  are  cold,  unlute  the  receiver,  and,  as 
expeditioufly  as  you  can,  pour  the  blue  aqua  fortis  it  con- 
tains into  a  cryftal  bottle  ;  which  you  rauft  feal  hermetically, 
becaufe  this  colour  difappears  in  a  fhort  time  when  the  liquor 
takes  air.     You  will  find  in  the  retort  a  white  faline  mat> 

3  B  moulded 
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moulded  in  its  bottom,  and  fome  flowers  of  Arfenic  fublim- 
ed  to  its  upper  caviry,  and  into  its  neck. 

Pulverize  the  faline  mafs,  and  diffolve  it  in  warm  water. 
Filter  the  folution,  in  order  to  feparate  Tome  arfenical  parts 
that  will  be  left  on  the  filter.  Let  the  filtered  liquor  evapo- 
rate of  itfe'lf  in  the  open  air;  when  it  is  fufficiently  evapo- 
rated, cryftals  will  fhoot  in  it  reprefenting  quadrangular 
prifms,  terminated  at  each  extremity  by  pyramids,  that  are 
alfo  quadrangular.  Thefe  crystals  will  be  in  confufed  heaps 
at  the  bottom  of  the  veiTel:  over  them  will  be  other  cryftals 
in  the  form  of  needles;  a  faline  vegetation  creeping  along 
the  fides  of  the  veficl;  and  the  furface  of  the  liquor  will  be 
obfcured  by  a  thin  dufty  pellicle. 

OBSERVATIONS. 

Arsenic,  as  we  took  notice  in  our  Elements  of  the 
Theory,  befides  the  properties  it  hath  in  common  with  me- 
tallic iubftances,  poiTefTes  others  alfo  in  common  with  faline 
fubftances.  One  of  the  moft  remarkable  among  the  latter  is 
that  of  decompofing  Nitre;  of  expelling  the  Acid  of  that 
Salt  from  its  Alkaline  bafis,  afluming  its  place,  and  forming 
with  that  Alkali  a  Neutral  Salt,  which  is  very  foluble  in  wa- 
ter, and  (hoots  into  regular  cryftals. 

To  inquire  into  what  pafles  in  the  decompofition  of  Nitre 
by  Arfenic,  and  into  the  new  Salt  refulting  from  thence, 
was  the  defign  of  the  firft  Memoir  given  in  by  me  to  the 
Academy  of  Sciences  on  this  fubje£t,  and  from  that  the  prefent 
procefs  is  copied.  Though  the  whole  quantity  of  Arfenic 
prefcribed  in  the  procefs  doth  not  enter  into  the  compofition 
of  the  new  Neutral  Salt,  feeing  fome  of  it  fublimes  in 
flowers,  that  quantity  muft  not  therefore  be  thought  too 
great  ;  for  we  fee,  on  the  other  hand,  that  part  of  the  Nitre 
is  not  decompofed.  The  needle-like  Salt  is  no  other  than 
Nitre  that  hath  not  fuffered  any  decompofition,  and  actually 
deflagrates  on  live  coals  like  common  Nitre. 

The  precaution  of  putting  fome  water  in  the  receiver  is 
abfclutely  necefiary,  to  condenfe  the  nitrous  vapours  that 
rife  in  the  diftillation :  for  they  are  fo  elaftic,  fo  volatile,  fo 
dephlegmated,  that  a  very  fmall  part  of  them  will  other- 
wife  be  condenfed  into  a  liquor,  while  the  reft  will  remain 
in  the  form  of  vapours,  to  which  vent  muft  be  given  through 
the  fmall  hole  in  the  receiver,  as  without  that  they  will  burft 
:he  veiTels  with  impetuofity :  and  confequently  fcarce  any 

Acid 


Chap.  4.     PRACTICE   or  CHYMISTRY.      379 

Acid  will  be  obtained;  efpecially  if  the  Nitre  employed  be 
very  dry,  as  it  muft  be  to  be  reducible  into  a  fine  powder. 

The  blue  colour  communicated  by  the  Nitrous  Acid  to 
the  water  is  very  remarkable.  The  caufe  that  produces  this 
colour  is  not  yet  known. 

Though  the  Acid  is,  on  this  occafion,  mortified  by  a  great 
quantity  of  water,  yet,  when  it  rifes  out  of  the  retort,  it  is 
fo  concentrated  as  to  form,  even  with  that  water,  if  too 
much  be  not  put  in,  a  moft  active  and  even  fmoking  aqua 
fortis. 

It  is  neceffary  in  this  operation,  and  more  fo  than  in  any 
other,  to  warm  the  veflels  gradually,  and  to  proceed  exceeding 
flowly ;  otherwife  the  artift  runs  the  rifque  of  feeing  his  veffels 
burft  to  pieces  with  violence,  and  with  great  danger  to  his 
perfon  :  for  Arfenic  acts  on  Nitre  with  incredible  vivacity ; 
infomuch  that,  if  a  mixture  of  Nitre  and  Arfenic  be  heated 
to  a  certain  degree,  the  Nitre  is  decompofed  almoft  as  rapid- 
ly, and  with  as  great  an  explofion,  as  when  it  is  made  to 
fulminate  with  an  inflammable  matter.  In  fhort,  the  ap- 
pearances are  fuch,  that  one  would  be  almoft  induced  to 
think  the  Nitre  really  takes  fire  on  this  occafion  :  though  it 
be  only  decompofed  juft  as  it  is  by  the  Vitriolic  Acid. 

The  folution  of  the  c&put  mortuum  of  this  diftillation  con- 
tains, at  the  fame  time,  feveral  forts  of  Salts  :  to  wit,  1.  the 
Neutral  Salt  of  Arfenic,  formed  by  the  union  of  the  Ar- 
fenic with  the  bafis  of  the  Nitre  ;  this  fhoots  into  the  prif- 
matic  cryftals  above-mentioned  :  2.  fome  Nitre  that  hath 
not  been  decompofed ;  this  forms  the  needles  and  part  of  the 
vegetations  :  3.  a  fmall  portion  of  Arfenic,  that  is  known 
to  be  foluble  in  water  j  this  forms  the  thin  dark  pellicle 
that  covers  the  furface  of  the  liquor  when  it  begins  to  eva- 
porate. 

For  the  properties  of  this  new  Neutral  Salt  of  Arfenic 
you  may  confult  what  we  have  faid  thereupon  in  our  Ele- 
ments of  the  Theory,  and  in  the  Memoirs  of  the  Academy 
of  Sciences. 


PROCESS    V. 

To  alkalizate  Nitre  by  Arfenic. 

MELT  in  a  crucible  the  Nitre  you  intend  to  alkalizate. 
When  it  is  melted,  and  moderately  red,  project  up- 
on it  two  or  three  pinches  of  pulverized  Arfenic.  A  confider- 
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able  effervefcence  and  ebullition  will  immediately  be  produ- 
ced in  the  crucible,  attended  with  a  noife  like  that  which 
Nitre  makes,  when  it  detonates  with  an  inflammable  matter. 
At  the  fame  time  a  thick  fmoke  will  rife,  which  at  firft  will 
fmell  like  garlic,  the  odour  peculiar  to  Arfenic;  it  will  alfo 
fmell  afterwards  like  Spirit  of  Nitre.  When  the  effervef- 
cence in  the  crucible  is  over,  throw  again  upon  the  Nitre  as 
much  pulverized  Arfenic  as  you  did  the  firft  time;  and  all 
the  fame  phenomena  will  be  repeated.  Continue  thus  throw- 
ing in  Arfenic  in  fmall  parcels,  till  it  produce  no  more  ef- 
fervefcence ;  taking  care  to  ftir  the  matter  at  every  projection 
with  an  iron  wire,  the  better  to  mix  the  whole  together. 
Then  increafe  your  --fire,  and  melt  what  remains.  Keep  it 
thus  in  fufion  for  a  quarter  of  an  hour,  and  then  take  the 
crucible  out  of  the  fire.  It  will  contain  a  Nitre  alkalizated 
by  Arfenic. 

OBSERVATIONS. 

This  operation,  as  well  as  the  preceding  one,  is  a  decom- 
position of  Nitre  by.  Arfenic  ;  yet  the  refult  is  very  different: 
for,  inftead  of  a  Salt  capable  of  cryftallizing,  and  difcovering 
no  tokens  either  of  Acid  or  Alkali,  we  obtain,  on  this  occa- 
fion,  only  a  Salt  that  runs  into  a  liquor  by  the  moifture  of 
the  air,  doth  not  cryftallize,  and  hath  all  the  properties  of  an 
Alkali. 

Thefe  differences  arife  only  from  the  different  manner  in 
which  the  decomposition  of  the  Nitre,  and  the  union  of  the 
Arfenic  with  the  bafis  of  that  Salt,  is  brought  about.  When 
the  Nitrous  Acid  is  diftilled  by  the  interpofition  of  Arfenic, 
with  a  view  to  obtain  the  Arfenical  Salt,  the  operation  muft 
be  performed  in  clofe  vefiels ;  no  greater  degree  of  heat  muft 
be  applied  to  the  mixture  than  is  necelfary  for  enabling  the 
Arfenic  to  acl: ;  and  that  heat  muft  be  adminiftered  very 
flowly  and  by  infenfible  degrees.  But,  when  the  bufinefs  is 
to  alkalizate  Nitre  by  the  means  of  Arfenic,  the  operation  is 
performed  in  a  crucible,  in  a  naked  fire,  with  a  ftrong  de- 
gree ol"  heat,  and  that  fuddenly  applied.  The  violence  of  the 
heat,  the  fuddennefs  with  which  it  is  applied,  the  vivacity 
wherewith  the  Arfenic  unites  with  the  bafis  of  the  Nitre; 
and,  ftill  more  than  all  thefe,  the  free  accefs  of  the  air,  oc- 
cafion  the  greateft  part  of  the  Arfenic,  which  at  firft  com- 
bines with  the  bafis  of  the  Nitre  after  having  expelled  its 
Acid,  to  be  p*efently  carried  off  and  difGpaied  in  vapours; 

and 
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and  confequently  the  bafis  of  the  Nitre,  not  being  fuffieiently 
faturated,  difcovers  its  Alkaline  properties. 

I  fay,  the  concurrence  of  the  air  contributes,  ftill  more 
than  all  the  reft,  to  feparate  the  Arfenic  from  the  Alkaline 
bafis  of  the  Nitre;  experience  having  taught  me  that  the 
Neutral  Salt  of  Arfenic  is  not  to  be  alkalizated  by  the  moft 
violent  force  of  heat,  as  long  as  it  continues  in  clofe  vefTels, 
and  the  external  air  hath  no  communication  with  it;  but 
that  fome  of  the  Arfenic  contained  in  that  Salt  is  diflipated, 
by  expofing  it  to  a  ftrong  heat  in  open  veffels. 

The  tumult  and  effervefcence  that  arife,  when  Arfenic  is 
projected  on  Nitre  fufed  in  a  crucible,  are  fo  confiderable, 
and  fo  nearly  refemble  the  detonation  of  Nitre  with  an  in- 
flammable matter,  that  we  mould  be  tempted  to  think,  if  we 
trufted  appearances  only,  that  Arfenic  furnifhes  a  combufti- 
ble  matter,  and  that  the  Alkalization  of  the  Nitre  is  effected, 
on  this  occafion,  in  the  fame  manner  as  when  it  is  fixed  by 
charcoal:  but,  by  examining  attentively  what  paffes,  we  ea- 
fily  difcover  that  there  is  no  inflammation  at  all,  and  that 
the  Nitre  is  alkalizated  in  the  manner  and  by  the  means  a- 
bove  pointed  out. 

The  firft  vapours  that  rife,  when  Arfenic  is  projected  on 
Nitre,  are  purely  arfenical ;  and,  if  any  cold  body  be  put 
in  their  way,  they  adhere  to  it  in  the  form  of  flowers.  Thefe 
vapours  are  actual  particles  of  Arfenic,  carried  up  by  the 
heat  before  they  could  come  to  act  on  the  Nitre  ;  but  they 
are  foon  after  mixed  with  Nitrous  vapours,  confiding  of  the 
Acid  of  the  Nitre,  which  the  Arfenic  expels  from  its  bafis 
as  faft  as  it  comes  to  act  on  that  Salt. 

The  nearer  you  come  to  the  end  of  the  operation,  the  more 
does  the  matter  in  the  crucible  lofe  of  its  fluidity,  though  an 
equal  fire  be  conftantly  kept  up  in  the  furnace.  At  laft  it  be- 
comes quite  like  a  pafte,  and  the  fire  muft  be  made  much 
ftronger  to  put  it  again  in  fufion.  The  reafon  of  this  is,  that 
Nitre  when  alkalizated  is  much  lefs  fufible  than  when  it  is 
not  fo.  The  cafe  is  the  fame  when  this  Salt  is  alkalizated  by 
deflagration. 

Though  the  Nitre,  when  alkalizated,  makes  no  more  ef- 
fervefcence with  Arfenic,  and  though,  when  kept  in  fufion, 
it  emits  no  more  arfenical  vapours,  it  doth  not  thence  follow 
that  it  is  a  pure  Alkali,  and  that  it  contains  no  Arfenic  :  it 
ftill  contains  a  large  quantity  thereof,  but  fo  ftrongly  united 
that  the  force  of  fire  is  not  able  to  feparate  them  ;  which  hath 
led  fome  authors  to  give  this  Salt  the  title  of  Fixed  Arfenic. 

The 
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The  exiftence  of  Arfeniq  in  this  faline  compound  is  eafily 
difcovered,  by  fufing  it  with  metallic  fubftances,  on  which  it 
produces  the  fame  effecls  as  Arfenic. 

With  folutions  of  metals  in  the  Acids,  it  alfo  prefents  al- 
moft  the  fame  phenomena  as  the  Neutral  Salt  of  Arfenic. 
Particularly  it  precipitates  Silver  diflblved  by  the  Nitrous  A* 
cid  in  a  red  powder,  as  that  Salt  does  ;  and  the  differences  ob- 
ferved  between  the  precipitations  made  by  our  new  Neutral 
Salt  of  Arfenic,  and  thofe  made  by  Nitre  alkalizated  with 
Arfenic,  can  be  attributed  only  to  the  alkaline  quality  of  the 
latter.     See  the  Memoirs  of  the  Academy  for  1 746. 
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Of      VEGETABLES. 


SECTION      L 

Operations  on  unfermented  Vegetables. 

CHAP.      I. 

Of  the   Substances   obtained  from  Vegetables   by 
Expression  only. 

PROCESS      L 

To  exprefs  and  depurate  the  Juice  of  a  Plant y  containing  its 
Ejfential  Salt.     The  Cryjlallization  of  that  Salt. 

BEFORE  fun-rife  gather  a  good  quantity  of  the  plant  from 
which  you  defign  to  exprefs  the  juice,  in  order  to  ob- 
tain its  Salt.  Warn  it  well  in  running  water,  to  clear 
it  of  earth,  infecls,  and  other  adventitious  matters.  Bruife 
it  in  a  marble  mortar ;  put  it  into  a  bag  of  new,  ftrong, 
thick  linen  cloth ;  tye  the  bag  tight,  and  commit  it  to  a 
prefs.  By  prefling  it  ftrongly  you  will  fqueeze  out  a  great 
quantity  of  green,  thick  juice,  which  will  have  the  fame 
tafte  as  the  plant.  Dilute  this  juice  with  fix  times  as  much 
pure  rain-water,  and  filter  it  repeatedly  through  a  woollen  bag, 
till  it  pafs  clear  and  limpid.  Evaporate  the  filtered  juice 
with  a  gentle  heat,  till  it  be  almoft  as  thick  as  before  it  was 
mixed  with  water.  Put  this  infpiiTated  juice  into  a  jar,  or 
other  veffel  of  earth  or  glafs  ;  on  its  furface  pour  olive  oil  to 
the  depth  of  a  line,  and  fet  it  in  a  cellar.      Seven  or  eight 

months 
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months  after  this,  pour  off  gently  the  liquor  contained  in 
the  veffel,  the  infide  of  which  you  will  find  covered  with  a 
cryftnllized  Salt.  Separate  the  cryftals  gently;  wafh  them 
quickly  with  a  little  fair  cold  water,  and  dry  them :  this  is 
the  Eflential  Salt  of  the  plant. 

OBSERVATIONS. 

Every  plant  is  not  equally  difpofed  to  yield  its  Eflential 
Salt,  by  the  method  here  propoied  Succulent  vegetables 
only,  whofe  juices  are  aqueous  and  not  too  vifcous,  are  fit 
for  this  purpofe.  Such,  for  example,  as  forrel,  brook-lime, 
fuccory,  fumitory,  water- crefles,  plantain,  &c.  An  Eflential 
Salt  cannot  be  procured  from  thofe  that  yield  thick,  vifcid, 
mucilaginous  juices,  fuch  as  the  feeds  of  flea-wort-,  unlefs 
their  juices  be  previously  attenuated  by  fermentation,  and 
that  vifcofity  deftroyed  which  obftru&s  the  Cryftaliization  of 
this  Salt. 

Nor  can  the  EiTential  Salt  be  obtained  in  any  quantity 
from  vegetable  matters  abounding  in  Oil.  Moil  kernels  and 
feeds  are  of  this  fort :  they  all  contain  a  great  quantity  of  fat 
oil,  which  fo  entangles  and  clogs  this  Salt,  that  the  particles 
thereof  cannot  moot  away  from  the  tenacious  juices  into 
cryftals. 

The  fame  is  to  be  faid  of  dry  aromatic  plants ;  becaufe 
they  contain  much  eflential  oil,  or  refinous  matters  that  pro- 
duce the  fame  efFe£h  It  is  true  the  Eflential  Salt  itfelf  con- 
tains a  certain  portion  of  oil ;  for  it  is  no  other  than  the  Acid 
of  the  plant  incorporated  and  cryftallized  with  part  of  its  oil 
and  of  its  earth  :  but  then  the  oil  muft  not  be  in  too  great  a 
quantity:  becaufe  it  (heaths  the  Acid,  renders  it  clammy,  as 
it  were,  and  hinders  it  from  extricating  itfelf,  fo  as  to  be  able 
to  exert  its  qualities,  and  appear  in  the  form  of  Salt. 

The  plants,  from  which  you  intend  to  extract  this  Salt, 
fbould  be  gathered  in  the  morning  before  fun  rife ;  becaufe 
they  are  then  moft  fucculent,  not  being  yet  dried  up  or  wi- 
thered by  the  heat  of  the  fun. 

The  juice  of  plants  obtained  by  expreffion  is  very  thick ; 
becaufe  it  contains  many  particles  of  the  bruifed  plant,  that 
are  unavoidably  fqueezed  out  along  with  it.  In  order  to 
clear  it  of  thefe  fuperfluous  parts,  it  is  proper  to  filter  it;  but 
as  that  would  be  difficult,  on  account  of  the  thicknefs  of  the 
juice,  it  muft  be  thinned,  by  diluting  it  with  a  quan- 
tity of  water,  fufneient  to  give  it  the  requifite  degree  of  fluU 
dity. 

Inftead 
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Inftead  of  thus  diluting  the  expreffed  juice,  the  plant  may- 
be ground  with  water,  before  it  is  put  into  the  prefs  :  it  will 
by  this  means  furnifh  a  more  fluid  juice,  that  will  eafily  pafs 
through  the  filter.  This  method  may  be  employed  with  fuc- 
cefs  on  dry  plants,  or  fuch  as  are  not  very  fucculent.  For 
this  operation  rain-water  is  to  be  preferred  to  any  other;  be- 
caufe  it  is  the  pureft:  for  all  waters  that  have  run  fome  time 
through  the  earth,  or  on  its  furface,  are  to  be  fufpetted  or 
containing  fome  faline  or  felenetic  matter,  which  would  mix 
with  and  deprave  the  Effential  Salt. 

The  juice  of  the  plant,  when  diluted  with  the  quantity  of 
water  fufficient  to  facilitate  its  filtration,  is  too  aqueous  to  let 
the  Salt  it  contains  unite  into  cryftals :  it  mud  therefore  be 
evaporated,  till  it  hath  recovered  a  fomewhat  thicker  confid- 
ence. The  heat  applied  for  that  purpofe  muft  be  gentle ;  left 
the  acid  and  oily  parts,  that  are  to  form  the  Salt,  be  fpoiled 
or  diffipated,  as  they  are  not  very  fixed.  In  fummer,  the 
heat  of  the  fun  is  fufficient  to  effecl:  this  evaporation :  but  if 
you  make  ufe  of  this  method,  the  juice  to  be  evaporated  mud 
be  put  into  feveral  broad  flat  pans ;  that,  a  larger  furface  being 
expofed  to  the  action  of  the  air  and  fun,  the  evaporation  may 
be  the  fooner  completed  :  for  if  the  juice  fhould  continue  too 
long  in  the  degree  of  heat  requifite  for  its  evaporation,  it 
might  begin  to  ferment ;  which  would  be  very  detrimental. 

The  oil  poured  on  the  liquor  prevents  its  fermenting,  pu- 
trefying, or  growing  mouldy,  during  the  long  fpace  of  timfe 
required  for  the  cryftallization  of  the  EiTentiai  Salt.    , 

Thefe  Salts  are  excellent  medicines,  being  endued  with 
the  fame  virtues  as  the  plants  from  which  they  were  ob- 
tained. 

They  cannot  be  procured  from  plants  by  diftillation>  though 
they  confift  in  a  great  meafure  of  volatile  principles  :  nor  are 
they  obtainable  by  any^other  procefs  that  requires  much  heat; 
becaufe  they  are  eafily  decompofed,  and  the  fire  changes  their 
natures  entirely.  The  oily  Acids  extracted  from  plants  by 
diftillation  do  not  cryftallize,  and  always  have  an  empyreu- 
rnatic  acrimony,  that  makes  them  very  different  from  the 
Effential  Salts,  which  are  very  mild  and  faponaceous. 
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PROCESS     II. 

To  draw  the  Oils  out  of  Kernels,  Seeds,  and  Ftuits,  by  Ex- 

prejjion. 

POUND  in  a  marble  mortar,  or  grind  in  a  mill,  the  ker- 
nels, feeds,  or  fruits,  out  of  which  you  intend  to  ex- 
prefs  the  Oil.  If  your  matters  be  meagre,  and  grind  to  mealy 
fufpend  that  meal  in  the  fteam  of  boiling  water,  in  order  to 
moiften  it  a  little,  and  then  dry  it. 

Tye  up  your  matter  thus  prepared  in  a  new,  ftrong,  thick, 
canvafs  bag,  and  put  it  into  a  prefs,  between  two  iron  plates 
previoufly  heated  in  boiling  water:  fqueeze  it  ftrongly,  and 
you  will  fee  the  Oil  run  in  ftreams  into  the  receiving  veflel. 

OBSERVATIONS. 

The  Fat  Oil  of  Plants  is  particularly  found  in  kernels, 
feeds,  and  fome  fruits;  fome  kernels  contain  fuch  a  vaft 
quantity  thereof,  that,  on  being  very  flightly  bruifed  in  a 
mortar,  they  difcharge  it  in  great  abundance.  Sweet  and 
bitter  Almonds,  Walnuts,  and  Lint-feed,  are  all  of  this  kind; 
and  require  no  other  management  but  to  be  pounded  and 
preffed,  to  make  them  yield  a  great  deal  of  Oil.  But  there 
are  others  more  meagre,  that  being  ground  produce  an  al- 
moft  dry  flower.  In  order  to  facilitate  the  expreffion  of  the 
Oil  out  of  fuch,  they  muft  be  expreffed,  when  ground,  to  the 
fleam  of  boiling  water.  For  this  purpofe  the  meal  may  be 
put  into  a  fine  fieve,  and  that  fufpended  over  a  pan  half-full 
of  water  kept  boiling  on  the  fire.  The  afcending  vapours 
will  moiften  the  flower,  render  it  more  un&uous,  and  facili- 
tate the  expreffion  of  the  Oil. 

It  is  proper  to  dry  it  a  little  before  it  be  put  into  the  prefs, 
that  it  may  yield  as  little  water  as  poffible  along  with  the 
Oil.  Neverthelefs,  fo  much  water  happens  now  and  then  to 
be  left  in  it,  that  fome  is  exprefled  together  with  the  Oil : 
but  as  oil  and  water  do  not  incorporate,  they  are  eafily  fepa- 
rated  after  the  operation  is  finifhed. 

The  extraction  of  the  Oil  is  alfo  greatly  facilitated  by  heat- 
ing the  plates,  between  which  the  oleaginous  matters  are 
fqueczed  :  but  they  muft  not  be  made  too  hot,  if  you  mean 
to  have  a  very  mild  Oil,  defigned  either  for  aliment  or  for 
medicine ;  fuch  as  the  Oil  of  Olives,  and  that  of  fweet  al- 
monds. 
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monds.  For  this  reafon  the  plates  muft  be  warmed  in  boil- 
ing water  only:  if  you  heat  them  to  a  greater  degree,  you 
run  the  rilk  of  giving  an  acrimony  to  the  Oils  you  exprefs. 
But,  when  thefe  Oils  are  intended  for  other  ufes,  the  plates 
may  be  made  hotter,  becaufe  their  heat  increafes  the  yield  of 
Oil. 

It  is  remarkable,  that' all  the  Oils  obtained  by  expreffion, 
with  the  precautions  above  recommended,  are  conftantly  very 
mild;  even  though  the  matters  from  which  they  are  extract- 
ed be  in  themfelves  very  acrid.  Mu (lard -feed,  which  is  fo 
acrid  that  it  is  even  eauftic,  yields,  by  expreffion,  an  Oil  as 
mild  as  that  of  fweet  almonds.  But  then  the  kernels,  feeds, 
and  fruits,  from  which  the  Oils  are  extracted,  muft  not  be 
old ;  becaufe  thefe  Oils,  which  are  perfectly  mild  when  frefn 
and  new,  become  intolerably  acrid  when  they  grow  old,  and 
acquire  this  acrimony  even  in  the  fruit  itfelf  5  for  it  is  obferv- 
ed  that  thefe  fruits  turn  rancid  as  they  grow  old. 

The  Fat  Oils  obtained  by  expreffion  are  ufed  in  medicine, 
both  internally  and  externally,  as  Lenitives  and  Emollients. 
Every  body  knows  the  great  ufe  of  Oil  of  fweet  Almonds, 
in  inflammatory  diftempers  of  the  bread  and  inteftines.  But 
it  muft  be  carefully  noted,  that  tnefe  Oils  can  produce  no 
good  effects,  unlefs  they  be  frefh  exprefled,  and  from  fruits, 
kernels,  or  feeds,  that  have  not  been  long  kept:  for  they  not 
only  lofe  their  lenient  virtue  by  growing  old,  but  they  even 
acquire  an  oppofite  quality,  and  contract:  fuch  a  fharp  acri- 
mony, that  far  from  procuring  any  falutary  relief  or  mitiga- 
tion to  the  inflamed  parts,  they  are  capable  of  irritating  and 
inflaming  the  found. 

It  is  therefore  of  the  laft  importance  to  adminifter  them 
only  when  they  are  quite  frefh  :  they  ought  never  to  be  above 
two  or  three  days  old.  Thofe  that  are  old  are  generally  more 
limpid  and  tranfparent  than  the  freih,  which  look  a  little 
more  cloudy.  The  beft  way  to  diftinguifli  them  is  to  tafte 
them,  and  to  try  whether  or  no  they  leave  any  fenfation  of 
rancidity  on  the  palate  and  in  the  throat. 


PROCESS     III. 

To  draw  the  Effential  Oils  of  certain  Fruits  by  Expreffion. 

TAKE  the  rind  of  a  Citron,  L,emon,  Orange,  Bergamot- 
pear,  or  other  fruit  of  that  kind ;  cut  it  in  flices,  and, 
doubling  the  flices,  fqueeze  them  between  your  fingers,  over 
3^2  againft 
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againfl:  a  polifhed  glafs  fet  upright,  with  its  lower  end  in  a 
vefftl  of  earth  or  porcelain.  Every  time  you  fqueeze  the  peel 
in  a  new  ply,  there  will  fquirt  out  of  it  feveral  fine  jets  of 
liquor,  which,  meeting  with  the  furface  of  the  glafs,  will  be 
condenfed  into  drops,  and  trickle  down  in  fmall  ftreams  into 
the  recipient.    This  liquor  is  the  Effential  Oil  of  the  fruit. 

0 \  B  S  E  R  V  A  9  1  0  N  S. 

No  fruits  but  thofe  of  the  kind  above-mentioned  will  yie!4 
an  effential  Oil  by  expreflion.  The  rind  of  the  fruit  is  the 
refervoir  of  this  Oil:  it  is  contained  in  little  veficles,  which 
may  be  htn  by  the  naked  eye,  fpread  all  over  the  furface  of 
the  peel,  and  which,  burfting  when  the  peel  is  fqueezed, 
difcharge  the  Oil  in  the  form  of  very  fine  flender  fpouts. 
Every  body  knows,  that  thefe  little  oily  ftreams  inftantly 
take  fire,  when  fpirted  through  the  flame  of  a  candle:  the 
Oil  in  this  cafe  is  entirely  confumed. 

The  Effential  Oil,  thus  obtained  by  expreffion,  hath  a 
very  fweet  and  moft  agreeable  fcent.  It  is  in  every  refpe& 
the  fame  as  when  it  made  a  part  of  the  fruit  that  yielded  it, 
feeing  it  hath  not  undergone  the  a£tion  of  fire.  Yet  this 
method,  however  good  it  may  be,  can  hardly  be  praclifed 
but  in  the  countries  where  thofe  fruits  are  in  great  plenty  ; 
becaufe  we  cannot  by  this  means  obtain  any  thing  near  the 
quantity  of  Oil  they  contain. 

This  inconvience  may  be  remedied  by  rubbing  the  rind, 
which  contains  the  Eilcntial  Oil,  on  the  furface  of  a  fugar- 
Joaf.  Ihe  inequalities  of  that  furface  produce  the  effects  of 
a  rafp,  by  tearing  all  the  oily  veficles.  The  Oil,  which  if- 
fues  in  abundance,  is  imbibed  by  the  fugar  and  moiftens  it. 
When  the  fugar  is  fufficiently  impregnated  therewith,  it  may 
be  fcraped  off  with  a  knife,  and  put  into  a  well-flopped  bot- 
tle. The  fugar  does  not  alter  the  nature  of  the  Oil ;  which 
may  be  kept  in  this  manner  for  years,  and  ufed,  though  com- 
bined with  the  fugar,  for  almoft  all  the  fame  purpofes  aa 
when  in  a  fluid  ftate ;  that  is,  to  aromatize  the  feveral  mat- 
ters  with  which  you  incline  to  mix  it.  We  owe  thefe  obferr 
various  to  Mr.  Geoffroy. 

This  experiment,  in  which  the  Effential  Oil  of  a  vegetable 
is  obtained  by  expreffion  alone,  and  without  the  aid  of  fire, 
proves  that  the  Oils  pf  this  kind  exift  naturally  in  vegetables; 
and  that  the  Oils  of  the  fame  kind  obtained  by  diftiilation, 
as  fhall  be  (hewn  in  its  place,  are  not  the  product  of  the  fire. 
Effential  Oils  drawn  by  expreflion  do  n,ot  yery  fenfibly  diifer 
from  thofe  procured  by  diftiihtion, 

CHA  P. 
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CHAP.         I. 

Of  the  Substances    obtained  from  Vegetables   by 
Trituration. 


PROCESS     I. 

To  make  the  Extract  of  a  Plant  by  Trituration, 

BRUISE  the  vegetable  fubftance  of  which  you  intend  to 
make  the  Extract ;  or,  if  it  be  , hard  and  dry,  grind  it 
to  a  powder :  put  the  matter  thus  prepared,  together  with 
feven  or  eight  times  as  much  rain-water,  into  an  earthen 
vefTel;  and  into  this  veflel  fit  a  churning  ftaff,  fo  that  it  may 
be  continually  whirled  round  with  a  rotatory  motion,  by  means 
of  a  cord,  a  wheel,  and  a  winch.  Ply  this  machine  for  itn  or 
twelve  hours;  and  then  filter  the  UquoF  through  two  linen 
cloths  fpread  on  a  hair-fieve.  Let  your  filtered  liquor  ftand 
quiet  for  twelve  hours  more :  then  pour  it  off  by  inclination 
from  the  fediment  you  will  find  at  bottom;  and  filter  it  a 
fecond  time  through  a  flannel  bag. 

Pour  frefh  water,  but  in  a  fmaller  quantity,  on  the  mafs 
Jeft  after  trituration  with  the  machine.  Triturate  it  again 
for  four  or  five  hours.  Treat  the  liquor  of  this  fecond  tri- 
ture  juft  as  you  did  that  of  the  firft,  and  mix  them  both  to- 
gether. Diftribute  all  the  liquor  you  now  have  among  a  fuf- 
ficient  number  of  fhallow  earthen  plates,  and  evaporate  it  by 
a  gentle  warmth,  fuch  as  that  of  the  fun,  or  of  a  vapour- 
bath,  to  the  confidence  of  an  Extract,  or  even  to  dnnefs, 
as  you  think  proper. 

OBSERVATIONS. 

In  trituration  the  water  takes  up,  not  only  the  Salts,  of 
plants,  but  alfo  a  pretty  confiderabie  quantity  of  their  oily 
and  earthy  parts,  which  thofe  Salts  have  rendered  foluble 
therein,  by  communicating  to  them  a  faponaceous  and  mu- 
cilaginous quality.  After  trituration,  therefore,  nothing  re- 
mains hut  the  groiTeft  particles  of  oil  and  earth.  Hence  it  is 
evident,  that  the  water,  in  which  plants  have  been  triturated, 
contains  nearly  the  fame  principles  as  the  juices  of  thofe 
»  plants 
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plants  drawn  by  expreflion  ;  and  that  it  is  alfo  impregnated 
with  their  EfTential  Salts :  fo  that,  by  evaporating  it  to  a  due 
confidence,  we  have  a  well  made  Extract  of  the  triturated 
plant. 

The  Count  de  la  Garaye,  who  hath  long  cultivated  with 
great  afliduity  thofe  parts  of  Chymiftry  by  which  Medicine 
may  be  improved,  hath  made  a  great  number  of  experiments 
for  obtaining  from  plants,  by  triture  with  water,  the  matters 
in  which  their  virtues  chiefly  refide,  and  hath  alfo  publifhed 
a  work,  entitled  Hydraulic  Chymiftry,  in  which  he  gives  a 
particular  account  of  all  the  procefTes  for  making  fuch  Ex- 
tracts of  the  chief  mineral,  vegetable,  and  animal  fubftan- 
ces,  as  are  moft  frequently  ufed  in  the  Practice  of  Phyfic. 
His  way  of  evaporating,  by  a  gentle  heat,  the  liquor  con- 
taining the  Extract  of  a  triturated  fubffance  is  a  very  good 
one :  for  we  know  that  heat,  if  but  a  very  little  too  ftrong, 
is  capable  of  changing  the  natures  of  compound  bodies,  by 
difuniting  their  principles,  and  exhaling  fome  of  them. 

If  all  vegetable  matters  were  fat  and  fucculent,  as  mofl 
pot-herbs  are,  triture  would  not  be  neceflary  for  the  making 
an  Extract  of  them,  even  without  the  help  of  fire.  We 
fhould  have  nothing  to  do,  for  that  purpofe,  but  to  exprefs 
their  juices,  as  before,  clarify  them,  and  evaporate  with  a 
gentle  heat  to  the  confidence  of  an  Extract.  But  many  ve- 
getable fubftances,  fuch  as  woods,  barks,  roots,  &c.  are  dry, 
hard,  and  compact.  Thefe  matters  will  not  give  out  their 
Extract,  without  fuch  an  application  of  water  as  fhall  diflblve 
their  faline,  faponaceous,  and  mucilaginous  parts.  Now  this 
muft  be  effected  either  by  triture  or  by  fire.  Trituration  has 
the  advantage  of  procuring  Extracts,  in  which  the  principles 
are  perfectly  unaltered,  and  retain  the  fame  proportions,  with 
refpect  to  each  other,  as  in  the  plant :  but  then  it  is  attended 
with  the  inconveniencics  of  being  very  tedious,  troublefome, 
and  chargeable.  "When  we  come  to  deliver  the  methods  of 
making  extracts  by  decoction  and  by  infufion,  we  mall  fee 
what  are  the  advantages  and  difadvantages  of  preparing  Ex- 
tracts by  heat, 

The  matters,  from  which  an  extract  is  to  be  made  by  tri- 
ture, muft  be  previoufly  bruifed  and  reduced  into  fmall  parts, 
in  order  to  facilitate  the  action  of  water  upon  them,  the 
feveral  filtrations  and  decantations  here  directed  are  intended 
to  feparate  the  grofter  parts  of  the  plant,  that  were  only  fuf- 
pended  in  the  liquor,  but  not  truly  difiblved,  by  means  of  the 
agitation  and  motion  :  for  this  reafon  alfo,  the  longer  the  li- 
quor is  left  to  fettle,  the  purer  will  the  Extract  be. 

Though 
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Though  the  plant  be  triturated  the  firft  time  with  a  great 
deal  of  water,  and  for  a  good  while  too,  yet  it  is  not  by  that 
means  wholly  exhaufted  :  M.  de  la  Garaye  therefore  directs 
the  remainder  to  be  triturated  again  with  frefh  water:  but 
this  fecond  operation  requires  only  half  the  water  ufed  in  the 
former,  and  need  be  continued  only  half  the  time ;  the 
plant  having  been  already  opened  by  the  former  triture,  and 
having  fewer  parts  to  give  out.  It  is  better  to  add  frefh  wa- 
ter, and  triturate  a  fecond  time,  than  to  triturate  but  once, 
and  for  a  greater  length  of  time  :  for  when  the  water  is  im- 
pregnated with  the  principles  of  the  plant  to  a  certain  de- 
gree, it  is  lefs  capable  of  acting,  and  of  diflblving  more,  than 
when  it  is  pure. 

As  the  water  impregnated  with  the  principles  of  the  plant 
by  triture  muft  be  almoft  wholly  evaporated,  in  order  to  bring 
thofe  principles  nearer  together,  and  that  the  whole  may  lie 
in  the  fmalleft  compafs  poffible ;  and,  moreover,  as  this  eva- 
poration muft  be  effected  by  the  gentleft  heat,  it  is  neceffary 
to  fpread  the  liquor  fo,  by  diftributing  it  among  a  great 
number  of  plates,  that  it  fhall  be  reduced  in  a  manner  en- 
tirely to  furface.  By  this  means  the  Extract  may  be  evapo- 
rated even  to  drynefs  ;  and  this  is  M.  de  la  Garaye's  practice. 
As  the  Extracts,  thus  evaporated  to  drynefs,  cannot  be  taken 
up  otherwife  than  in  little  fcales,  the  lower  furfaces  whereof, 
by  adhering  to  the  glazing  of  the  plate,  are  fmooth  and  min- 
ing, they  in  fome  meafure  refemble  a  cryftallized  Salt  •, 
which  led  M.  de  la  Garaye  into  an  error,  and  induced  him 
to  give  the  title  of  EiTential  Salts  to  the  Extracts  prepared  in 
this  manner.  The  EiTential  Salt  is  indeed  contained  in  them ; 
but  ftill  they  are  only  Extracts,  as  Mr.  Geoffroy  hath  {hewn, 
in  a  memoir  on  this  fubje£t  given  in  by  him  to  the  Acade- 
my ;  fmce,  befides  the  EiTential  Salt,  they  contain  moreover, 
as  was  faid  before,  a  great  deal  of  the  oil  and  earth  of  the 
matters  from  which  they  were  extracted.  This,  in  the  main, 
is  no  objection,  but  rather  an  advantage  to  them  ;  consider- 
ing that  fuch  faline  Extracts  are,  on  that  account,  fo  much 
the  more  like  the  fubftances  from  which  they  were  obtained  ; 
especially  with  regard  to  their  medicinal  properties. 


PROCESS 
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PROCESS      II. 

"to  extract  from   Seeds   and  Kernels^    by  Trituration^   the 
Matter  of  Emu/fons. 

BLANCH  the  kernels  of  which  you  defire  to  make  ah 
Emulfion;  put  them  into  a  marble  mortar;  add  a  very 
little  water  •  and  pound  them  with  a  wooden  peftle.  Conti- 
nue pounding  and  triturating  till  the  matter  become  like  a 
white  pafte.  From  time  to  time  pour  on  it,  by  little  and  lit- 
tle, more  fair  water  warmed,  flill  continuing  the  trituration; 
by  which  means  the  pafte  will  grow  thinner.  Go  on  thua 
till  every  particle  of  your  kernels  be  crufhed  to  pap.  Then 
add,  ftill  rubbing  the  mixture,  enough  of  water  to  make  the 
whole  an  actual  fluid;  and  you  will  have  a  liquor  of  a  dead- 
white  colour,  refembling  milk.  Strain  it  through  a  clean 
linen  cloth  ;  it  will  leave  on  the  filter  fome  coarfe  parts, 
which  muft  be  returne:!  t  >  thofe  left  in  the  mortar.  Again 
triturate  and  rub  the  remainder  of  the  kernels,  with  the  ad- 
dition of  water  as  before.  This  fecond  liquor  will  not  be  fa 
white  nor  fo  rich  as  the  former :  filter  it  in  the  fame  manner, 
arid  again  grind  with  water  the  folid  parts  remaining.  In 
this  manner  proceed,  repeatedly  rubbing  and  adding  frefh 
water,  till  it  appear  no  longer  milky,  but  come  off  clear. 
The  white  milky  waters  thus  obtained  go  by  the  name  of  an 
Emulfion, 

OBSERVATIONS. 

All  the  matters,  from  which  a  Fat  Oil  is  obtainable  by 
expreffion,  produce  Emulfions  when  triturated  with  water. 

An  Emulfion  confifts  chiefly  of  two  iubftances.  One  of 
thefe  is  mucilaginous,  and  fcluble  in  water.  This  fubftance 
by  itfelf  would  not  give  a  milky  appearance  to  the  Emulfion, 
which,  with  it  alone,  would  be  limpid.  The  other  is  a  Fat 
Oil,  which  of  itfelf  is  not  foluble  in  water;  but  being  di- 
vided by  the  means  of  trituration  into  very  fma-11  globules,  it 
is  difperfed  through  the  whole  liquor,  and  fufpended  therein 
by  the  aid  of  the  mucilaginous  part.  It  is  this  oily  part  that 
gives  the  Emulfion  its  dead-white,  milky  colour;  becaufe 
it  is  not  actually  diflblved  in  the  water,  but  only  diffufed 
through  it. 

If  Oil  be  mixed  with  water  in  a  phial,  and  the  mixture 
ftrongly  fhaken  for  fome  time,  with  a  rapid  and  continued 

motion. 
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motion,  the  Oil  will  be  divided  into  a  vaft  number  of  little 
globules,  which  intervening  between  the  parts  of  the  water 
will  deftroy  its  tranfparency,  and  give  it  a  dead-white  colour, 
like  tha:  of  our  Emulfiori.  But*  as  the  Oil  is  not  fo  minutely 
divided  by  this  means,  as  by  triturating  the  matters  contain- 
ing it;  and  again,  there  being  no  mucilage  in  this  liquor, 
as  there  is  in  Emulfions,  the  Oil  foon  feparates  from  the  wa- 
ter when  it  is  left  at  reft,  reunites  into  round  globules,  and 
thefe  joining  together  rife  to  the  furface  of  the  liquor,  which 
then  recovers  its  tranfparency. 

The  cafe  is  hot  exactly  the  fame  with  Emulfions;  but 
fomething  like  it  happens  to  them  alfo.  If  they  be  left  to 
Hand  quia  in  a  long  bottle,  the  liquor,  which  at  firft  appear- 
ed homogeneous,  feparates  into  two  manifeftly  different  parts. 
The  upper  part  retains  its  dead -white  colour,  but  is  thicker 
and  more  opaque ;  while  the  lower  part  becomes  perfectly 
tranfparenr.  This  is  the  beginning  of  an  entire  feparation  of 
the  oily  from  the  aqueous  parts.  The  former,  being  the 
lighter,  afcend  and  gain  the  upper  part  of  the  liquor;  while 
the  lower,  being  freed  from  that  which  obftrutted  its  tranf- 
lucencej  recovers  its  proper  limpidity :  but  the  oily  parts  do 
not  re-unite  into  maffes  large  enough  to  form  one  homoge- 
neous whole,  with  the  appearance  and  limpidnefs  of  Oil ; 
their  being  minutely  divided  and  entangled  in  the  mucilage 
impeding  their  natural  tendency. 

Emulfions  firft  begin  to  fpoil,  as  they  grow  old,  not  by 
turning  rancid  and  acrimonious  like  the  Fat  Oils  drawn  by 
expreilion,  but  by  turning  four ;  which  is  owing  to  the  great 
quantity  of  mucilage  they  contain.  As  there  is  a  Fat  Oil 
in  their  compofition,  they  have  the  ,fame  virtues  with  that 
fort  of  Oil ;  but  they  are,  moreover,  incraflating,  cooling, 
and  emollient ;  qualities  which  render  them  extremely  ufeful 
in  acute  and  inflammatory  diforders.  They  grow  four  in  a 
Very  fhort  time,  efpecially  in  the  heat  of  fummer;  nay,  they 
fometimes  do  fo  in  two  hours  :  and  therefore  they  ought  to 
be  prepared  from  time  to  time  as  they  are  to  be  uied. 

The  matter  that  is  left  when  all  the  fubltance  of  the  Emul- 
fion  is  extracted,  and  from  which  the  water  comes  off  clear 
and  limpid,  is  fcarce  any  thing  but  the  earthy  part  of  the 
feed  or  kernel  that  was  triturated ;  which,  however,  ftill  re- 
tains a  portion  of  tenacious  and  grofs  Oil,  adhering  to  it  fo 
firmly  as  not  to  be  ieparable  by  water. 

The  chyle  and  milk  of  animals  refemble  an  Emulfion  in 
leveral  refpe&s,  and  particularly  in  their  dead  white  colour; 
which  arifes,  in  the  fame  manner,  from  the  very  minute  par- 

3  D  tide* 
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tides  of  Oil  contained  in  them,  and  diftributed  through  an 
aqueous  gelatinous  fluid,  but  not  difiblved  therein.  In  ge- 
neral, whenever  any  Oil  of  any  kind  happens  to  be  lodged 
in  this  manner  between  the  parts  of  an  aqueous  liquor,  it  al- 
ways makes  the  whole  of  an  opaque  white :  for  Oil  will  not 
mix  with  water,  fo  as  to  produce  a  liquor  that  fhall  appear 
homogeneous  and  tranfparent,  unlefs  it  be  intimately  diflblv- 
ed in  the  water ;  which  cannot  be  effected  but  by  means  of 
an  union  previoufly  contracted  between  it  and  fome  faline 
matter  :  as  is  the  cafe  of  mucilages,  certain  faponaceous  mat- 
ters, and  fome  other  combinations  of  which  we  mall  have 
occafion  to  treat  in  the  fequel. 

The.  methods  we  have  hitherto  propofed,  for  extracting 
from  vegetable  fubllances  all  that  they  will  yield  without  the 
aififtance  of  fire,  are  not  capable  of  analyzing  thofe  fubftan- 
ces  accurately,  as  you  may  have  obferved  ;  fince  by  expreflion 
and  trituration  we  obtain  only  the  liquid  parts,  impregnated 
indeed  with  almofl  all  the  principles  of  plants,  which,  how- 
ever are  ftill  combined  with  each  other,  and  barely  feparated 
from  the  grolTeit  earthy  and  oily  parts.  We  mull  therefore 
neceflarily  have  recourfe  to  a  more  effectual  expedient  for 
carrying  our  analyfis  further.  This  expedient  confifts  in 
making  them  undergo  the  action  of  fire,  fucceffively  gradu- 
ated, from  the  gentleft  to  the  moll  violent  heat. 

But,  before  we  enter  on  this  Analyfis  of  Vegetables,  it  is 
proper  to  defcribe  the  different  operations  that  may  be  per- 
formed on  Oils,  the  only  pure  principle  we  have  been  able 
to  obtain  without  the  help  of  fire.  As  we  fhall  have  occa- 
fion,  when  we  come  to  treat  of  the  analyfis  of  plants  by  fire, 
to  fay  a  great  deal  more  concerning  iiflential  Oils,  we  re- 
ferve  till  then  what  relates  to  the  operations  that  may  be  per- 
foi :aied  on  them  ;  and  confine  ourfelves  here  to  the  operations 
on  Fat  Oils. 


CHAP. 
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CHAP.       III. 
Of  Operations    on   Fat    Oils. 

PROCESS     I. 

To  attenuate  Fat  Oils,  and  change  their  Nature^  by  expvfing 
them  to  the  Aft  ion  of  Fire,  and  diftilling  them, 

MIX  thorough! y  three  or  four  pounds  of  any  Fat  Oil 
whatever,  with  twice  its  weight  of  lime  flaked  in 
the  air.  Put  this  mixture  into  a  large  earthen  retort,  leaving 
a  third  part  of  it  empty.  Set  it  in  a  reverberating  furnace, 
and  lute  on  a  receiver.  Heat  the  vefTel  with  a  very  gentle 
fire.  A  little  phlegm  will  rife  firft,  and  will  ibon  be  follow- 
ed by  an  Oil  that  will  fall  in  drops  from  the  nofe  of  the  re- 
tort. Continue  the  diftillation  very  flowly,  till  you  perceive 
the  Oil  that  comes  over  begin  to  be  not  quite  fo  fluid  as  be- 
fore, but  rather  a  little  thicker. 

Then  unlute  your  receiver,  and  put  another  in  its  place. 
Continue  the  diflillation,  increafing  your  fire  by  degrees. 
The  Oil  that  comes  over  will  grow  thicker  and  thicker, 
its  fluidity  will  decreafe,  and  it  will  acquire  a  dark-brown 
colour,  which  at  laft  will  become  blackifh.  The  Oil  will 
then  be  very  thick.  Pufh  the  operation  till  nothing  more 
will  come  off,  though  the  retort  be  red-hot.  During  the 
whole  time  this  diftillation  lafts,  there  rifes  a  good  deal  of 
water,  in  company  with  the  Oil.  Keep  the  fecond  thick  Oil 
by  itfelf. 

Mix  the  Oil  that  came  over  fir  ft,  in  this  operation,  with, 
an  equal  part  of  freih  lime  flaked  in  the  air.  Put  the  mix- 
ture into  an  earthen  or  giafs  retort,  of  a  fize  fo  proportioned 
to  the  quantity,  that  a  third  part  thereof  may  remain  empty. 
Diftil  as  before.  The  fame  phenomena  will  appear:  a  clear 
Oil  will  firft  come  over,  and  be  fucceeded  by  one  a  little 
thicker.  Then  fhi-ft  your  receiver,  and  diftil  off  all  the  reft 
of  the  Oil  with  an  increafed  fire.  The  flrft  Oil  obtained  by 
this  fecond  diftillation  will  be  clearer  and  thinner  than  that 
of  the  firft  diftillation;  and  the  fecond  Oil  will  not  be  io 
thick,  nor  of  fo  deep  a  colour  as  before. 

o.D  2  Diftil 
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Diftil  over  again,  in  the  fame  manner,  the  thin  Oil  of  this 
fecond  diftillation,  and  go  on  thus  repeatedly  difliiling,  till 
the  firft  clear  oil  come  over  with  a  degree  of  heat  not  exceed- 
ing that  of  boiling  water.  Then,  inftead  of  mixing  your 
Oil  with  lime,  put  it  with  fome  water  into  a  glafs  retort, 
or  into  a  body  with  its  head  fitted  on,  and  diftil  it,  keeping 
{he  water  juft  in  a  fimmer.  Your  Oil  will  be  more  and  more 
attenuated,  and,  after  being  thus,  diftilled  twice  or  thrice  with 
water,  will  be  fo  limpid,  fo  thin,  and  fo  clear,  that  you  will 
fcarce  be  able  to  diftinguifh  it  from  water  itfeif. 

OBSERVATIONS. 

Fat  Oils,  which  are  naturally  mild,  unctuous,  inodor- 
ous, or  have  at  moft  a  fcarce  perceptible  fmell,  refembling 
that  of  the  fruit  or  kernel  from  which  they  were  extracted, 
change  their  natures  totally  when  expofed  to  the  adtion  of 
fire.  If  they  be  but  heated  fo  as  to  boil,  they  become  acrid, 
lofe  much  of  their  unctuofity,  and  acquire  a  very  pungent 
odour.  From  feveral  analogies,  and  by  feveral  experiments, 
recited  in  a  Memoir  on  Oils  which  I  read  to  the  Academy, 
I  {hewed  that  thefe  alterations  of  Fat  Oils  are  produced  by 
the  fire's  extricating  an  Acid  in  them,  which  before  lay  con- 
cealed and  inactive.  What  I  advanced  on  this  fubje£fc 
may  be  feen  in  the  Memoirs  of  the  Academy  for  1745,  and 
in  my  Elements  of  the  Theory  of  Chymiftry.  I  mall  take 
occafion  to  add  fomething  more,  in  my  Obfervations  on  the 
following  procefs,  by  which  thefe  Oils  are  combined  with 
Acids.  In  this  place  I  (hall  only  examine  what  paries  in  the 
repeated  diftillations  they  are  here  made  to  undergo. 

Fat  Oils  do  not  rife  in  diftillation  without  a  degree  of  heat 
greater  than  that  of  boiling  water ;  and  therefore  they  muft 
be  diftilled  in  a  fand-bath,  or  with  a  naked  fire.  We  prefer 
the  latter  method,  for  reafons  eliewhere  affigned,  and  chiefly 
becaufe  the  operator  is  more  mafter  of  his  fire ;  it  being  ab- 
folutely  neceffary,  in  this  operation,  that  he  have  it  in  his 
power  to  mpprefs  it  in  an  inftant,  when  he  finds  it  too  ftrcng  : 
for,  in  fuch  a  cafe,:  it  will  impetuoufly  raife  the  thin  Oil  mix- 
ed with  the  thick ;  nay,  the  whole  will  be  burnt,  as  it  were, 
to  a  coal,  if  a  degree  of  fire  ever  fo  little  too  ftrong  be  kept 
up  but  for  a  few  moments.  When  this  accident  happens,  it 
is  always  predicted  by  a  great  quantity  of  white  vapours 
afcending  with  impetuofity  out  of  the  retort,  and  by  drops 
of  Oil  following  each  other  very  faft,  that  are  fcarce  limpid, 

at 
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at  firft,  and  foon  become  of  a  dark  colour.     All  this  may  be 
prevented  by  diftilling  very  {lowly,  and  with  great  patience. 

Fat  Oils  may  be  diftilled  and  attenuated  without  any  addi- 
tament :  but  then  the  operation,  which  is  tedious  and  trou- 
blefome  enough,  even  when  lime  is  ufed,  as  appears  from 
our  description Nof  the  procefs,  would  be  much  more  fo  if  the 
Oil  were  diftilled  alone,  without  the  addition  of  any  thing  to 
divide  it,  fpread  it,  and  enlarge  its  Surface. 

Lime  is  one  cf  the  bed  additaments  that  can  be  employed 
on  this  occafion  ;  not  only  becaufe  it  procures  the  advantages 
juft  mentioned,  but  alfo  by  reafon  that,  being  an  abforbent 
of  fat  matters,  it  unites  with  the  grofler  parts  of  the  Oil,  re- 
tains them,  and  fo  allows  the  thinned  and  lighted  parts  to  be 
readily  Separated  from  the  reft.  By  this  means  it  greatly  ex- 
pedites the  operation  :  and,  the  more  of  it  is  added,  with  re- 
fpect  to  the  oil,  the  fooner  is  a  confiderable  quantity  of  thin 
limpid  Oil  obtained :  and  this  is  the  reafon  of  our  diredling 
a  double  quantity  of  lime  to  be  mixed  with  the  Oil  in  the  firft 
diftiilation. 

Lime  flaked  in  tae  air  is  employed  preferably  to  quick- 
lime; becaufe  it  is  naturally  divided  into  a  very  fine  powder, 
and  capable  of  mixing  perfectly  with  all  forts  of  matters. 

The  water  that  nrft  appears  in  the  diftiilation  comes  from 
the  lime  :  it  is  part  of  the  humidity  which  the  lime  had  im- 
bibed from  the  air.  This  water  continues  to  rife  with  the 
Oil  during  the  whole  diftiilation,  according  as  the  degree  o£ 
heat  is  increafcd  :  and;  if  the  diftiilation  be  finimed  by  keep- 
ing the  retort  red-hot  for  fome  time  after  all  is  come  over, 
the  lime  in  it  will  have  a  greyifti  caft,  and,  when  water  is 
poured  on  it,  grow  almoft  as  hot  as  quick-lime. 

If  you  refolve  to  carry  on  thefe  diftillations  of  a  Fat  Oil, 
till  it  becomes  as  light  as  an  Effential  Oil,  it  is  neceffary  to 
begin  with  a  pretty  large  quantity  thereof,  as  three  or  four 
pounds  :  for  the  quantity  of  the  Oil  is  confiderably  leflened  by 
every  diftiilation  ;  not  only  becaufe  the  thickeft  and  grafted 
part  is  feparated  from  it  every  time ;  but  alfo  becaufe  a  por- 
tion of  the  Oil  remains  fo  ftrongly  united  with  the  lime,  that 
the  force  of  fire  is  not  able  to  Separate  them.  Moreover, 
there  is  reafon  to  believe  that  Some  of  it  is  decompofed  every 
time  it  is  diftilled. 

If  Oil  be  diftilled  by  irfelf,  the  thickeft  and  heavieft  part 
remains  charred,  as  it  were,  in. the  retort,  the  infide  of  which 
is  lined  with  a  cruft  of  coal,  that  is  to  the  lad  degree  fixed: 
this  therefore  always  occafioiis  a- diminution  of  the  Oil. 

A  Fat 
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A  Fat  Oil  muff  be  diftilled  eight  or  nine  times,  even  with 
Jime,  before  it  become  as  light  as  an  Eflcntial  Oil,  and  ca- 
pable of  rifmg  wholly  with  the  heat  c£  boiling  water:  by  that 
time  therefore  it  rnuft  be  confiderably  climinifhed ;  and  if,  at 
leaft,  the  quantity  prefcribed  be  not  taken  at  firft,  there  will 
fcarce  remain  a  few  ounces  capable  of  being  diftilled  with 
water. 

The  portion  of  thick  heavy  Oil,  obtained  in  the  feveral  di- 
ftillations,  may,  if  you  will,  be  rectified  again.  For  this 
ptirpofe  you  mufl  mix  it  with  frefh  lime,  and  diftil  it  as  you 
did  the  clear  Oil.  A  portion  of  this  alfo  will  be  attenuated, 
and  come  over  firft.  Thus  all  the  Fat  Oil  may  be  fubtilized 
by  the  action  of  fire ;  an  abfolutely  charred  black  part  excep- 
ted, that  remains  fixed,  and  appears  fufceptible  of  no  change, 
but  by  burning  It  in  the  open  air,  and  thereby  reducing  it  to 
afhes,  from  which  a  little  Fixed  Alkali  may  be  obtained.  In 
this  fixed  part  of  the  Oil  the  acid  and  earthy  parts  are  com- 
bined therewith,  in  a  greater  proportion  than  they  ought  to 
be  in  pure  Oil. 

The  portion  of  Oil  that  hath  become  light  and  thin  is  no- 
thing but  the  pureft  oily  part,  feparated  from  the  grefs  acids, 
and  from  a  certain  quantity  of  earth,  which  made  it  thick 
and  heavy.  This  Oil  refembles  the  Efientiai  Oils  in  light- 
nefs,  fluidity,  and  a  penetrating  agreeable  odour  :  it  diiTolve* 
in  Spirit  of  Wine.  We  fhali  have  occafion  in  the  fequel  to 
enlarge  further  on  the  qualities  of  the  feveral  forts  of  Oils, 
and  their  folubility  in  Spirit  of  Wine,  when  we  come  to  treat 
of  Ardent  Spirits  and  of  ^Ether. 


PROCESS    II. 

To  combine  Fat  Oils  with  Acids.     7bs  Decompcfiiion  of  this 

Combination. 

PUT  any  Fat  Oil  whatever  into  a  glafs  bafon,  and  fet  it 
in  a  fand-bath  very  moderately  heated.  Pour  on  this 
Oil  an  equal  quantity  of  concentrated  Oil  of  Vitriol,  which 
will  immediately  difiblve  it  with  violence-,  a  confiderable 
ebullition  and  effervefcence  will  arife,  attended  with  great 
heat,  and  a  prodigious  quantity  of  black,  thick  vapours,  in 
which  may  be  eafily  perceived  the  fmell  cf  burnt  Oil,  toge- 
ther with  that  of  a  Sulphureous  Acid.  The  mixture  will 
become  of  a  deep-red,  black,  and  thick.  Stir  it  with  a  fmali 
flick,  till  vou  obferve  that  all  is  quiet. 

0  B  S  E  K* 
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OBSERVATIONS. 

The  Vitriolic  and  Nitrous  Acids  unite  with  Fat  Oils,  and 
diflblve  them  with  violence;  but  thefe  Acids  muft  be  fuffi- 
ciently  ftrong  and  concentrated,  otherwife  they  will  not  act 
upon  the  Oils.  The  Vitriolic  Acid,  in  particular,  diflblves 
them  pretty  thoroughly.  If  hot  water  be  poured  on  the  mix- 
ture defcribed  in  our  procefs,  this  water  will  become  cloudy 
and  milky,  by  diflblving  fome  of  it :  fo  that  Oils  may  be 
rendered  foluble  in  water  by  the  means  of  Acids.  Spirit  of 
Wine,  which  doth  not  attack  Fat  Oils  in  their  natural  ftate, 
unites  perfectly  with  them,  and  makes  a  clear  limpid  folutioa 
of  them,  when  they  are  thus  combined  with  Acids. 

The  Acids  alfo  fuffer  a  confiderable  alteration  by  contract- 
ing an  union  with  Oils.  They  become  much  milder,  and 
lofe  almoft  all  their  ftrength.  If  the  mixture  defcribed  in 
the  procefs  be  diftillcd,  there  wiil  come  over  a  great  quantity 
of  an  empyreumatic  acidulated  phlegm,  that  fmells  ftrong  of 
Sulphureous  Spirit  1  an  Oil  thinner  than  the  original  fapona- 
cecus  mixture ;  a  weak  Oily  Acid,  and  a  very  thick,  black 
Oil.  If  the  fire  be  made  very  ftrong,  when  the  Oil  ceafes 
to  rife,  it  iometimes  happens  that  a  little  Sulphur  fublimes 
into  the  neck  of  the  retort. 

By  this  analyfis  it  appears,  that  the  ftrong  concentrated 
Acid,  which  was  an  ingredient  in  the  combination,  is  not 
now  to  be  found.  The  Vitriolic  Acid  hath  changed  its  na- 
ture, and  is  confiderably  weakened  by  the  union  it  hath  con- 
tracted with  the  principles  of  the  Oil.  The  aqueous  part  of 
this  latter  fubftance  weakens  the  other,  and  loads  it  with 
phlegm  ;  the  inflammable  part  thereof  renders  it  fulphureous, 
and  even  converts  it  into  Sulphur. 

Hence  it  follows,  that  fame  part  of  the  Oil  is  decompofed, 
by  the  union  it  contracts  with  the  Vitriolic  Acid ;  for  its 
phlogifton  and  its  aqueous  principle  cannot  be  difunited,  fo 
as  to  form  a  Sulphureous  Spirit,  or  an  actual  Sulphur,  and 
an  aqueous  Acid,  without  the  decompofition  of  a  certain 
quantity  of  the  Oil,  in  proportion  to  the  two  disjoined  prin- 
ciples. Another  portion  of  the  Oil  remains  united  with  the 
Vitriolic  Acid,  without  fuffering  any  decompofition,  and 
communicates  to  that  portion  of  the  Acid,  with  which  it  is 
combined,  a  fomewhat  faponaceous  quality,  which  makes  it 
refemble  the  Vegetable  Acids. 

Thus  we  fee,  that  when  the  Vitriolic  Acid  and  a  Fat  Oil 
are  combined  together,  they  both  fuffer  confiderable  changes; 
the  Acid  by  the  new  alliances  into  which  it  enters,  and  the 

Oil 
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Pil  by  the  decomposition  it  undergoes.  In  confequence 
hereof  a  much  fmaller  quantity  of  Oil  is  obtained,  by  de- 
compounding this  combination,  than  was  at  firft  put  in. 

If  the  Oil  abstracted  by  di  it  illation  be  combined  again, 
with  a  frefh  quantity  of  the  concentrated  Acid,  the  fame  ef- 
fects will  again  follow;  and  by  this  means  any  quantity  of 
Oil  at  pleature  may  be  entirely  decompolbd.  This  (ingle  ex- 
periment affords  an  evident  proof  of  many  important  truths 
advanced  in  our  Elements  of  the  Theory. 

Spirit  of  Nitre  likewife  diflblves  expreffed  Oils.  With  Oil 
of  O^.ves  it  forms  a  white  pafte,  refembling  a  fine  pomatum. 
This  compound  is  perfectly  foluble  in  Spirit  of  Wine.  The 
Acid  mult  be  very  ftrong  and  fmoking  to  unite  with  this,  or 
with  any  other  Fat  Oil :  but  it  diiTolvss  fome  of  them  with 
more  rapidity  than  others ;  in  which  number  is  the  Oil  of 
Walnuts.  It  acts  on  thefe  Oils  with  fo  much  vehemence' 
that  it  burns  them,  in  fome  meafure,  making  them  black 
and  thick. 


PROCESS     III. 

To  combine  Fat  Oils  with  Fixed  Alkalis.    Hard  and/oft  Soap* 
The  Decompaction  of  Soap* 

TAKE  a  lixivium  of  Alicant  kelp  made  more  cauflic  by 
lime,  as  we  fhall  mew  when  we  come  to  fpeak  of  Al- 
kalis. Evaporate  this  lye  till  it  be  capable  of  bearing  a  new- 
laid  egg*  Divide  it  into  two  parts ;  and  to  one  of  thefe  put 
juft  water  enough  to  weaken  it  fo,  that  a  new-laid  egg  will 
not  fwim  in  it,  but  fail  to  the  bottom.  With  the  lye  thus 
weakened  mix  an  equal  quantity  of  frefti- drawn  Olive  Oil. 
Stir  and  agitate  the  mixture  well,  till  it  become  very  white. 
Set  it  over  a  gentle  fire,  and  continue  ftirring  it  incefiantly, 
that  the  two  ingredients  of  which  it  is  compounded  may  gra- 
dually combine  together,  as  part  of  the  water  evaporates. 
When  you  perceive  they  begin  to  unite,  pour  into  the  mix- 
ture thrice  as  much  of  the  firft  ftrong  lye  as  you  took  of 
Olive  Oil.  Continue  the  co&ion  with  a  gentle  fire,  always 
ftirring  the  matter,  till  it  becomes  fo  thick  that  a  drop  of  it 
fixes,  as  it  cools,  into  the  confidence  that  Soap  ought  to 
haje.  By  diflblving  a  little  of  this  Soap  in  water,  you  will 
difcover  whether  or  no  it  contains  more  Oil  than  ought  to  be 
in  the  compofitjon.  If  it  diflblves  therein  wholly  and  per- 
fectly, without  the  appearance  of  the  lead  little  drop  of  Oil 
l  floating 
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floating  on  the  water,  it  is  a  fign  that  it  doth  not  contain  too 
much  Oil.  if,  on  the  contrary,  you  perceive  any  of  thefe 
little  globules,  you  mult  pour  into  the  veffel,  containing  your 
matter,  a  little  more  of  the  ftrong  lye,  to  abforb  the  redun- 
dant Oil.  If  there  be  too  much  of  the  Alkali  it  may  be  dif- 
covered  by  the  tafte.  If  the  Soap  leave  on  your  tongue  the 
fenfation  of  an  Alkaline  Salt,  and  produce  an  urinous  favour, 
it  is  a  fign  that  there  is  too  much  Salt  in  proportion  to  the 
Oil.  In  this  cafe  a  little  Oil  muft  be  added  to  the  mixture, 
to  faturate  the  fuper-abundant  Alkali.  An  excefs  in  the 
'quantity  of  Alkali  difcovers  itfelf  like  wife  by  the  Soap's  grow- 
ing  moid  in  the  air,  on  being  expofed  to  it  for  fome  time. 

OBSERVATIONS. 

Fixed  Alkalis,  even  when  refolved  into  a  liquor,  that  is, 
when  loaded  with  much  water,  unite  eafily  with  Fat  Oils,  as 
appears  from  the  experiment  juft  recited,  and  require  but  a 
moderate  heat  to  perfect  that  union.  This  combination  may 
even  be  completely  effected  without  the  aid  of  fire,  and  by 
the  heat  of  the  fun  only,  provided  fufficient  time  be  allowed 
for  that  purpofe;  as  Mr.  Geoftroy  found  upon  trial.  It  only 
requires  the  mixture  of  the  Oil  and  Alkali  to  be  kept  five  or 
fix  days  in  digeftion,  and  ftirred  from  time  to  rime.  A  lixi- 
vium of  pure  Alkali,  not  acuated  by  lime,  may  alfo  be  ufed 
to  make  Soap:  but  it  is  obferved,  that  the  combination  fuc- 
ceeds  better,  and  that  the  Alkali  unites  fooner  and  more  per- 
fectly with  the  Oil,  when  it  is  (harpened  by  lime. 

The  Oil  is  firft  mixed  with  a  weaker  and  more  aqueous 
lye,  to  the  end  that  the  combination  may  not  take  place  too 
haftily,  but  that  all  the  particles  of  the  two  fubftances  to  be 
compounded  together  may  unite  equally.  But  as  foon  as  the 
Alkali  begins  to  diflblve  the  Oil  gradually  and  quietly,  the 
diflblution  may  then  be  accelerated  •,  and  that  is  done  by  add- 
ing the  remaining  lye,  which  is  ftronger  and  lefs  diluted  than 
the  other. 

Soap  made  with  Olive  Oil  is  white,  hard,  and  hath  not  a 
very  difagreeable  fmell :  but  as  that  Oil  is  dear,  others,  even 
the  fat  and  oils  of  animals,  are  fometimes  fubflituted  for  it. 
The  Soaps  made  with  mod  of  thefe  other  matters  are  neither 
lb  hard,  nor  fo  white,  as  that  made  of  Olive  Oil :  they  are 
called  Soft  Soaps. 

Oils  thus  ailociated  with  Fixed  Alkalis  are  by  that  means 
rendered  foluble  in  water;  becaufe  the  Alkaline  Saks,  having 
a  great  affinity  with  water,  communicate  part  thereof  to  the 
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Oils  with  which  they  are  now  incorporated.  Yet  the  Oil  if 
not  for  all  that  rendered  thoroughly  mifcible  with  water,  or 
perfectly  foluble  therein ;  for  the  water  in  which  Soap  is  dif- 
folved  hath  always  a  milky  caft :  now  there  is  no  other  crite- 
rion of  a  perfect  folution  but  tranfparency. 

Alkalis  alfo  lofe  part  of  their  affinity  with  water,  by  the 
union  they  thus  contract:  with  Oils  :  for,  when  the  combina- 
tion is  properly  made,  they  no  longer  attract  the  moifture  oP 
the  air,  nor  doth  water  difiblve  them  in  fuch  quantities  as 
before.  The  compofition  of  Soap  is  plainly  a  faturation  of 
an  Alkali  with  an  Oil ;  and,  in  order  to  make  perfect  Soap, 
we  are  forced,  as  was  faid  in  the  procefs,  to  grope,  in  a  man- 
ner, by  repeated  trials,  for  this  point  of  faturation ;  juft  as 
when  we  prepare  a  Neutral  Salt  by  faturating  an  Alkali  with 
an  Acid.  The  union  which  the  Oil  contracts  with  the  Al- 
kali makes  it  lofe,  in  part,  the  readinefs  with  which  it  natu- 
rally takes  fire;  becaufe  the  Salt  is  not  inflammable:  the  wa- 
ter alfo,  which  enters  in  pretty  confiderabJe  quantities  into 
the  compofition  of  Soap,  as  we  (hall  prefently  fee,  contri- 
butes a  good  deal  to  hinder  the  accenfion  of  the  Oil. 

Soap  may  be  decompounded  either  by  diftilling  it,  or  by 
mixing  it  with  fome  fubftance  that  hath  a  greater  affinity  than 
Oil  with  Alkalis. 

If  we  decompound  it  by  diftillation,  a  phlegm,  or  trans- 
parent fplrit,  of  a  fomewhat  yellowifh  colour,  firft  comes 
over.  This  liquor  is  the  aqueous  part  of  the  Soap,  quicken- 
ed by  a  little  of  its  Alkali,  which  gives  it  an  acrid  tafte.  It 
is  followed  by  a  red  Oil,  which  at  firft  is  pretty  thin  and  lim- 
pid, but  thickens  as  the  diftillation  advances,  grows  black, 
and  has  a  very  difagreeable  empyreumatic  fmell.  This  Oil 
is  foluble  in  Spirit  of  Wine. 

When  the  diftillation  is  finifhed,  that  is,  when  the  retort 
being  kept  red-hot  for  fome  time  will  difcharge  no  more, 
there  is  left  in  it  a  faline  mafs ;  which  is  the  Alkali  of  the 
Soap,  crufted  over  with  fome  of  the  moftf  fixed  parts  of  the 
Oil,  that  are  charred  to  a  coal.  This  Salt  may  be  reftored 
to  the  fame  degree  of  purity  it  had  before  its  combination 
with  the  Oil,  by  calcining  it  in  a  crucible  with  a  naked  fire, 
that  may  confume  this  burnt  part  of  the  Oil,  and  reduce  it 
to  allies. 

It  is  plain  that  the  Oil  contained  in  Soap  is  affe&ed  by  di- 
ftillation, much  in  the  fame  manner  as  that  which  we  mixed 
with  lime  and  diftilled. 

Mr.  GeofFroy,  by  analyfing  Soap  with  care,  difcovered 
that  two  ounces  thereof  contain  ninety- fix  grains  of  Salt  of 

kelp, 
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kelp,  freed  from  all  Oil  and  moifture ;  or  two  drams  and 
forty-eight  grains  of  that  Salt,  as  it  is  ufed  in  manufacturing 
Soap;  that  is,  containing  water  enough  to  make  it  cryftal- 
lize;  one  ounce  three  drams  twenty  grains  of  Olive  Oil; 
and  about  two  drams  four  grains  of  water. 

As  Acids  have  a  greater  affinity  than  any  other  fubftance 
with  Alkalis,  they  may  be  very  effectually  employed  to  de- 
compound Soap. 

If  you  propofe  to  decompound  Soap  by  means  thereof, 
you  mult  firft  diflblve  it  in  a  fufficient  quantity  of  water. 
Mr.  Geofrroy,  who  made  this  experiment  likewife,  difToived 
two  ounces  thereof  in  about  three  gallons  of  warm  water, 
and  to  the  folution  added  Oil  of  Vitriol,  w~hich  he  let  fall 
into  it  drop  by  drop.  Every  time  a  drop  of  Acid  falls  into 
it,  a  coagulum  is  formed  in  the  liquor.  The  veflel  in  which 
the  folution  is  contained  muft  then  be  fhaken,  that  the  Acid 
may  equally  attack  all  the  Alkali  diffufed  in  it.  When  no 
new  coagulation  is  produced  by  a  drop  of  the  Acid,  it  is  a 
fign  you  have  added  enough.  The  iiquor  then  begins  to 
grow  clear:  and  if  another  quart  of  water  be  added,  in  or- 
der to  facilitate  the  feparation  of  the  oily  particles,  you  will 
fee  them  rife  and  unite  together  on  the  furface  of  the  liquor. 

This  is  a  pure,  clear,  true  Olive  Oil,  hath  its  tafte,  its 
imell,  and,  like  it,  is  fluid  in  warm  weather,  and  becomes 
fixed  by  cold.  Yet  it  differs  in  fome  refpe&s  from  that 
which  never  hath  been  united  with  an  Alkali  in  order  to 
form  a  Soap ;  for  it  burns  more  vividly  and  more  rapidly, 
and  is  foluble  in  Spirit  of  Wine.  We  mail  account  for  thefe 
differences  when  we  come  to  treat  of  Ardent  Spirits. 

Not  only  the  Vitriolic  Acid,  but  all  others,  even  thofe  ob- 
tained from  vegetables,  are  capable  of  decompounding  Soap, 
and  feparating  the  Oil  from  the  Alkali.  In  the  liquor  where- 
in Soap  is  thus  decompounded  is  found  a  Neutral  Salt,  con- 
fiding of  the  Acid  made  ufe  of,  united  with  the  Alkali  of 
the  Soap.  If  the  Vitriolic  Acid  be  ufed,  you  will  have  a 
Glauber's  Salt ;  a  quadrangular  Nitre,  if  the  Nitrous  Acid 
be  ufed  ;  and  fo  of  the  reft. 

The  facility  with  which  Acids  decompound  Soap  is  the 
reafon  that  no  water,  but  what  is  very  pure,  will  diflblve  it,. 
or  is  fit  to  be  ufed  in  warning  with  it. 

Water  that  doth  not  diflblve  Soap  well  is  ufually  called 
Hard  Water,  Such  waters  contain  a  certain  quantity  of  fa- 
line  matters,  warned  out  of  the  earths  through  which  they 
pafs.  The  hardnefs  of  water  is  generally  occafioned  by  fele* 
nitic  particles. 

.3  E  2  Ths 
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The  hnrdnefs  of  all  the  well-water  in  and  about  Paris  is 
owing  to  a  confiderable  quantity  of  Selenetic  Gypfum  with 
which  the  Soil  abounds.  The  Selenites,  we  know,  are  Neu- 
tral Salts,  confifting  of  the  Vitriolic  Acid  united  with  an 
earthy  bafts.  If  therefore  Soap  be  put  into  water  in  which  a 
Salt  of  this  kind  is  diffolved,  it  is  evident  that  the  Vitriolic 
Acid  in  the  Selenites,  having  a  greater  affinity  with  the  fix- 
ed Alkali  of  the  Soap  than  with  its  own  earthy  bafis,  will 
quit  the  latter  to  unite  with  the  former;  and  thus  the  Soap 
will  be  decompounded  inftead  of  being  diffolved.  Accord- 
ingly we  fee,  that,  when  we  attempt  to  diffolve  Soap  in  our 
well-water,  the  furface  of  the  liquor  is  in  a  fbort  trme  cover- 
ed with  a  fat  oily  pellicle.  However,  this  decomposition  of 
Soap  is  not  complete;  at  leaft,  but  a  fmall  part  of  it  is  per- 
fectly decompounded ;  becaufe  the  great  quantity  of  Seleni- 
tes, with  which  the  water  is  impregnated,  hinders  the  Soap 
from  mixing  fo  thoroughly  with  it,  as  is  requifite  to  produce 
a  total  decompofition  thereof. 

All  mineral  waters  are  likewife  hard,  with  regard  to  Soap; 
for  as  mod  of  them  owe  their  virtues  to  the  effiorefcences 
they  have  warned  off  from  pyrites,  that  have  grown  hot  and 
begun  to  be  decompofed,  they  are  impregnated  with  the  fa- 
line  matters  produced  by  pyrites  in  that  ftate  :  that  is,  with 
aluminous,  vitriolic,  and  fulphureous  fubftances,  which  have 
the  fame  effecl:  on  Soap  as  the  Selenites  have. 

Mineral  waters  containing  Neutral  Salts  only,  fuch  as  Sea- 
falt,  Epfom  Salt,  Glauber's  Salt,  are  neverthelefs  hard  with 
regard  to  Soap,  though  the  Acids  of  thofe  Salts,  being  unit- 
ed with  Fixed  Alkalis,  are  incapable  of  decompounding  it. 
The  reafon  is,  that  thofe  Neutral  Salts  are  more  ibluble  in 
water  than  Soap  is;  fo  much  indeed  as  even  to  exclude  it: 
becaufe  each  of  the  two  principles  that  compofed  them  hath  a 
very  great  affinity  with  water ;  whereas  only  one  of  the  prin- 
ciples of  Soap,  namely,  its  Alkali,  hath  that  affinity;  the 
other,  to  wit,  the  oily  principle,  having  none  at  all.  Thus, 
•water  impregnated  with  an  Acid,  or  with  any  Neutral  Salt,- 
is  hard  with  regard  to  Soap,  and  incapable  of  diffoiving  it  y 
«nd  hence  it  follows,  that  Soap  is  a  fort  of  touchftone  for 
trying  the  purity  of  water. 

Wine  diffolves  Soap ;  but  imperfectly^  becaufe  it  contains 
an  acid  or  tartarous  part.  Spirit  of  Wine  a'Ifo  diffolves  it : 
but  neither  is  this  diffolution  perfect ;  becaufe  it  contains  too 
little  water:  for  its  fpirituous  part  can  diffolve  nothing  but 
the  Oil  of  the  Soap;  and  the  Alkali  is  not  at  all,  or  at  leaft 
\x\  a  very  fmall  quantity,  foluble  in  this  nienltruum.     The 

true; 
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true  folvent  of  Soap  is  therefore  a  liquor  that  is  partly  fpiri- 
tuous,  partly  aqueous,  and  not  acid. 

Brandy  has  thefe  qualities  :  and  accordingly  it  is  the  fol- 
vent that  unites  bed  with  Soap,  diflblves  the  greateft  quanti- 
ty, and  makes  the  moft  limpid  folution  thereof.  Yet  even 
this  folution  hath  fomething  of  a  milky  caft,  occafioned  by 
its  not  being  entirely  free  from  an  Acid,  or  the  tartarous 
principle.  This  fault  may  be  eafily  corrected,  by  mixing 
with  it  a  little  Alkali  to  abforb  the  Acid.  A  dram  of  cry- 
ftallized  fait  of  kelp  mixed  with  three  ounces  and  a  half  of 
good  brandy,  renders  it  capable  of  difiblving  an  ounce  and 
two  drams  of  good  hard  Soap,  into  a  perfectly  limpid  liquor. 
This  experiment  alfo  we  owe  to  Mr.  Geoffroy. 

Some  years  ago  it  was  difcovered  that  Soap  might  be  ufed 
with  great  fuccefs  in  Medicine,  and  that  it  poflefles  the  pro- 
perty of  diiTolving  the  flony  concretions  that  form  in  feveral 
parts  of  the  body,  particularly  in  the  kidneys  and  bladder. 
Soap  is  the  bafis  of  the  compofition  known  by  the  name  of 
Mrs.  Stephen's  Remedy,  and  in  this  one  ingredient  its  whole 
virtue  refides. 

From  what  hath  been  faid  on  the  nature  of  this  compound, 
as  well  as  on  the  caufe  and  phenomena  of  its  diflblution,  it 
plainly  appears  to  be  of  the  Jaft  confequence,  in  administer- 
ing it  to  a  patient,  that  his  confiitution  be  confidered,  and  a< 
proper  regimen  ordered.  All  Acids  fhould  be  abfolutely  for- 
bid him;  as  we  know  they  hinder  the  Soap  from  difiblving, 
and  decompound  it ;  and  if  the  patient  have  any  acidities  in 
the  firft  pafiages,  matters  capable  of  neutralizing  them  fhould 
be  prefcribed  him :  as  prepared  crabs  eyes,  and  other  abforb- 
ents  known  in  Medicine :  in  fuch  cafes  thofe  with  which  the- 
Soap  is  compounded  in  Mrs.  Stephen's  remedy  may  be  of 
ufe. 


PROCESS     IV. 

To  combine  Fat  Oils  with  Sulphur. 

PUT  any  Fat  Oil  whatever  into  an  earthen  veiTel ;  add  to 
it  about  the  fourth  part  of  its  weight  of  Flower  of  Sul- 
phur, and  fet  the  vefiel  in  a  furnace,  with  lighted  coals  under 
it.  When  the  Oil  hath  acquired  a  certain  degree  of  heat, 
the  Sulphur  will  melt,  and  you  will  fee  it  fall  immediately 
to  the  bottom  of  the  Oil,  in  the  form  of  a  very  red  fluid. 
'The  two  fubftances  will  remain  thus  feparated,  without  mix- 
ing 
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ing  together,  while  the  heat  is  no  greater  than  is  necefTary 
to  keep  the  Sulphur  in  fufion.  Increafe  it  therefore ;  but 
ilowly  and  with  circumfpection,  left  the  matter  take  fire. 
"When  the  Oil  begins  to  fmoke,  the  two  liquors  will  begin  to 
mix  and  look  turbid :  at  laft  they  will  unite  fo  as  to  appear 
one  homogeneous  whole.  If  you  keep  up  the  heat  fo  that 
the  mixture  fhall  always  continue  fmoking  and  ready  to  boil, 
you  may  add  more  Sulphur,  which  will  perfectly  incorporate 
with  it :  and  thus  may  a  pretty  confiderable  quantity  thereof 
be  introduced  into  this  compofition. 

OBSERVATIONS. 

The  Phlogiflon  and  the  Vitriolic  Acid  have  each  an  affi- 
nity with  Oils.  It  is  not  therefore  furprifmg  that  Sulphur, 
which  is  a  compound  of  thefe  two  fubftances,  fhould  be  fo- 
luble  in  oily  matters.  Yet  it  is  remarkable,  that  Efiential 
Oils,  which  are  much  thinner  than  the  Fat  Oils,  difTolvc 
Sulphur  with  much  more  difficulty ;  as  will  be  fhewn  when 
we  come  to  treat  of  thofe  Oils ;  and  that  Spirit  of  Wine, 
which  contains  an  exceeding  fubtile  Oil,  doth  not  acl:  upon 
Sulphur  at  all. 

Oil,  by  contracting  an  union,  with  Sulphur,  produces  ? 
confiderable  alteration  in  that  mineral :  a  phenomenon  (o 
much  the  more  furprifmg,  that  we  know  it  to  be  in  fome  fort 
unalterable  by  any  other  folvent,  of  what  kind  foever,  add, 
that  its  nature  admits  of  no  change  but  by  burning.  We 
fh all  fay  more  on  this  fubjecl:  under  the  head  of  Eflentiai 
Oils. 


PROCESS     V. 

To  combine  Fat  Oils  with  Lead,  and  the  Calces  6f  Lead.    The 
Bajis  of  Plqfters.     The  Decompofition  of  this  Combination. 

INTO  an  earthen  vefTel  put  granulated  Lead,  Litharge, 
Cerufe,  or  Minium  ;  and  pour  thereon  twice  its  weight 
of  any  Fat  Oil  whatever.  If  you  fet  the  vefTel  over  a  biifk 
fire,  the  Lead  at  bottom  will  melt  before  the  Oil  begin  to 
boil.  When  it  boils,  ftir  the  matter  with  a  ftick  :  the  Lead, 
or  the  Calx  of  Lead,  will  gradually  difappear,  and  at  laft  be 
totally  diflblved  by  the  Oil,  to  which  it  will  give  a  very  thick 
confidence* 
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OBSERVATIONS. 

Fat  Oils  diflblve  not  only  Lead,  but  its  calces  alfo :  nay, 
they  diflblve  the  latter  more  readily  than  Lead  in  fubftance ; 
probably  becaufe  they  are  more  divided.  The  refuJt  of  a 
combination  of  thefe  matters  is  a  thick,  tenacious  mafs,  that 
grows  in  fome  degree  hard  in  the  cold,  and  foft  by  heat. 
This  compofuion  is  known  in  Pharmacy  by  the  name  of 
Plafter.  It  is  made  up  with  feveral  drugs  into  plafters,  which 
partake  of  the  virtues  of  thofe  drugs  •,  fo  that  it  is  the  bafis  of 
almoft  all  plafters. 

Lead  itfelf  is  feldom  ufed  to  make  plafters  :  Cerufe,  Li- 
tharge, or  Minium,  are  preferred  to  it ;  becaufe  thefe  mat- 
ters unite,  as  hath  been  faid,  more  readily  and  more  eafily 
with  Oils. 

It  fometimes  happens,  that  the  Oil  is  burnt  in  the  opera- 
tion, and  that  the  calx  of  Lead  is  partly  refufcitated :  and  this 
gives  the  plafter  a  black  colour,  which  however  it  ought  not 
to  have.  This  accident  is  occafioned  by  an  excefs  of  heat: 
and  as  it  is  very  difficult  to  keep  the  Oi]  and  the  Lead  in  the 
proper  degree  of  heat,  feeing  both  thefe  matters  are  apt  to 
grow  very  hot,  it  hath  been  contrived  to  put  into  the  vefTel, 
in  which  the  co&ion  is  to  be  performed,  a  pretty  large  quan- 
tity of  water;  which  being  fufceptible  only  of  a  much  fmal- 
ler  and  a  certain  degree  of  heat,  that  is  conftantly  the  fame 
when  it  boils,  procures  the  advantage  of  having  the  compofi- 
tion  very  uniform  and  very  white. 

It  is  neceflary  to  ftir  the  mixture  inceflantly,  in  order  to 
prevent  the  burning  of  the  combined  Oil  and  Lead ;  which, 
as  they  unite,  fink  in  the  water  by  their  greater  weight.  If 
the  water  happen  to  be  wafted  before  the  Oil  hath  diflblved 
all  the  Lead,  or  before  the  plafter  hath  acquired  a  proper  de- 
gree of  confiftence,  you  muft  remove  the  veflel  from  the  fire, 
and  let  the  mixture  cool,  before  you  add  more:  for,  if  this 
precaution  be  neglected,  the  heat  of  the  matter,  which  is 
now  much  greater  than  that  of  boiling  water,  will  occafion  a 
considerable  explofion  and  extravafation  thereof,  though  the 
water  poured  into  it  be  as  hot  as  pofiible. 

The  combination  of  Fat  Oil  with  a  Calx  of  Lead  may  be 
-confidered  as  a  fort  of  metallic  Soap,  having  a  metalline 
Calx,  inftead  of  a  Fixed  Alkali,  for  its  bans.  Mr.  GeorTroy- 
hath  obferved,  that  if  a  pound  of  Litharge,  rubbed  very  fine 
and  well  wafhed,  be  incorporated  with  two  pounds  of  Olive. 
Oil,  in  the  fame  manner  as  plafter  is  made,  keeping  water 
enough  in  the  veflel  to  hinder  the  mixture  from  burning, 

there 
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there  rifes  a  fmoke,  while  the  Oil  is  uniting  with  the  Calx  of 
Lead,  fmelling  much  like  that  which  rifes  from  Soap. 

The  Oil  may  be  feparated  from  the  Calx  of  Lead,  by  the 
methods  ufed  to  feparate  it  from  a  Fixed  Alkali :  and  when 
it  is  fo  feparated,  it  hath  the  fame  properties  as  that  feparat- 
ed from  common  Soap. 

This  fpecies  of  metallic  Soap,  formed  by  the  union  of  a 
Fat  Oil  with  the  Calx  of  Lead,  is  not  foluble  in  water,  and 
communicates  nothing  to  it  but  a  greafy  tafte.  Therefore,  if 
vou  would  decompound  it  by  the  means  of  an  Acid,  you 
mull  pour  that  Acid  immediately  on  the  compound.  The 
Acid  will  attack  and  diffolve  the  Calx  of  Lead ;  and  the  Oil, 
being  thus  fet  at  liberty,  will  rife  clear  and  limpid  to  the  fur- 
face  of  the  acid  liquor.  Diftilled  vinegar  effects  this  fepara- 
tion  better  than  any  other  Acid,  becaufe  it  is  the  true  folvent 
of  Lead. 


CHAP.       IV. 

Of  the  Substances    obtained  from  Vegetables  with 
a  Degree  of  Heat  not  exceeding  that  of  boiling  Water. 


PROCESS     I. 

To  obtain  from  Plants^  by  dijlilling  them  with  the  mean  De- 
gree of  Heat  between  freezing  and  bailing  Water  %  a  Liquor 
impregnated  with  their  Principle  of  Odour. 

IN  the  morning,  before  fun-rife,  gather  the  plant  from 
which  you  defign  to  extracl:  its  odoriferous  water.  Chufe 
the  plant  in  its  full  vigour,  perfectly  found,  and  free  from 
all  adventitious  matters,  except  dew.  Put  this  plant,  with- 
out fqueezing  it,  into  the  body  of  a  tinned  copper  alembic, 
and  fet  it  in  a  water-bath.  Fit  on  its  head,  and  to  the  nofe 
thereof  lute  a  glafs  receiver  with  wet  bladder. 

Warm  the  bath  to  the  mean  degree  between  freezing  and 
boiling  water.  You  will  fee  a  liquor  diifil  and  fall  drop  by 
drop  into  the  receiver.  Continue  the  diftillation  with  this 
degree  of  heat,  till  no  more  drops  fall  from  the  nofe  of  the 
alembic.  Then  unlute  the  veflels ;  and  if  you  have  not  as 
much  lienor  as  you  want,  take  out  of  the-  cucurbit  the  plant 

already 
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already  diftilled,  and  put  a  frefh  one  in  its  place.  Diftil  as 
before,  and  go  on  thus  till  you  have  a  fufficient  quantity  of 
odoriferous  liquor.  Put  it  into  a  bottle ;  flopitclofe;  and 
fet  it  in  a  cool  place. 

0  B  S  E  k  V  A  T  1  0  N  S. 

The  liquor  obtained  from  plants,  with  the  degree  of  heat 
here  prefcribed,  confifts  of  the  dew  that  was  on  the  plant, 
and  fome  of  the  phlegm  of  the  plant  itfelf,  together  with  its 
odorous  principle.  Mr.  Boerhaave,  who  examined  this  odo- 
riferous part  of  plants  with  great  care,  calls  it  the  Spiritiis 
Reftor.  The  nature  of  this  Spirit  is  not  yet  thoroughly  afcer- 
tained ;  becaufe  it  is  fo  very  volatile,  that  it  cannot  eaiily  be 
fubje&ed  to  the  experiments  that  are  necefTary  to  analyze  it, 
and  to  difcover  all  its  properties.  If  the  bottle  containing 
the  liquor,  which  may  be  confidered  as  the  vehicle  of  this 
Spirit,  be  not  exceeding  carefully  flopped,  it  flies  quite  off: 
fo  that  in  a  few  days  nothing  will  be  found  but  an  infipid 
inodorous  water. 

Great  part  of  the  virtue  of  plants  refides  in  this  their  prin- 
ciple of  odour ;  and  to  it  muft  be  afcribed  the  moft  fingular 
and  the  moft  wonderful  effects  we  every  day  fee  produced  by 
them.  Every  body  knows,  that  a  great  number  of  odorous 
plants  affe£t,  in  a  particular  manner,  by  their  fcent  only,  the 
brain  and  the  genus  nervofum,  of  fuch  efpecially  whofe  nerves 
are  very  fenfible,  and  fufceptible  of  the  flighted  impreflidn ; 
fuch  as  hypochondriacal  or  melancholy  men,  and  hyflerical 
women.  The  fmell  of  the  Tuberofe,  for  inflance,  is  capable 
of  throwing  fuch  perfons  into  fits,  fo  as  to  make  them  drop 
down  and  fwoon  away.  The  fmell  of  Rue,  again,  which  is 
equally  flrong  and  penetrating,  but  of  a  different  kind,  is  a 
fpecific  remedy  againfl  the  ill  effects  of  the  Tuberofe  $  and 
brings  thofe  perfons  to  life  again,  with  as  quick  and  as  fur- 
prifing  an  efficacy,  as  that  by. which  they  were  reduced  to 
a  ftate  not  unlike  death.  This  is  Mr.  Boerhaave's  obferva- 
tion. 

The  odorous  exhalations  of  plants  muft  be  confidered  as  a 
continual  emanation  of  their  Spiritus  Reftor  :  but  as  grow- 
ing plants  are  in  a  condition  to  repair,  every  inftant,  the 
loffes  they  fuftain  by  this  means,  as  well  as  by  tranfpiration, 
it  is  not  furprifing  that  they  are  not  foon  exhaufted,  while 
they  continue  in  vigour.  Thofe,  on  the  contrary,  which  we 
diftil,  having  no  fuch  refource,  are  very  foon  entirely  deprived 
of  this  principle. 

3  F  The 
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The  reparation  of  the  Spiritus  Retlor  from  plants  requires 
but  a  very  gentle  heat,  equally  diflant  from  the  freezing  point 
and  from  the  heat  of  boiling  water.  Accordingly  the  heat 
of  the  fun  in  fummer  is  fufficient  to  diffipate  it  almoft  entire- 
ly. This  (hews  why  it  is  dangerous  to  flay  long  in  fields, 
or  woods,  where  many  noxious  plants  grow.  The  virtues  of 
plants  refiding  chiefly  in  their  exhalations,  which  the  heat  of 
the  fun  increafes  considerably,  a  fort  of  atmofphere  is  form- 
ed round  them,  and  carried  by  the  air  and  the  wind  to  very- 
great  diftances. 

For  the  fame  reafon  the  air  of  a  country  may  be  rendered 
falutary  and  medicinal,  by  the  exhalations  of  wholefome 
plants  growing  therein.  From  the  facility  with  which  the 
odorous  principle  of  plants  evaporates,  we  learn  what  care 
ought  to  be  taken  in  drying  thofe  intended  for  medical  ufes, 
fo  as  to  preferve  their  virtues.  They  muit  by  no  means  be 
expofed  to  the  fun,  or  laid  in  a  warm  place :  a  cool,  dry 
place,  into  which  the  rays  of  the  fun  never  penetrate,  is  the 
propereft  for  drying  plants,  with  as  little  lofs  of  their  virtue 
as  poflible. 

Though  there  is  reafon  to  believe  that  every  vegetable 
jnatter  hath  a  Spiritus  Retlor  ^  feeing  each  hath  its  particular 
fcent,  yet  this  principle  is  not  very  perceptible  in  any  but 
thofe  which  have  a  very  manifeft  odour :  and  accordingly  it 
is  extracted  chiefly  from  aromatic  plants,  or  the  moil  odori- 
ferous parts  of  plants.  I  fay  the  moft  odoriferous  parts ;  be- 
caufe,  in  moft  plants  and  trees,  there  are  generally  certain 
parts  that  have  a  much  more  feniible,  and  much  ftronger 
fcent  than  the  reft.  The  odour  of  a  plant,  or  of  a  tree,  hath 
its  principal  refidence  fometimes  in  the  root,  fometimes  in 
the  leaves,  at  other  times  in  the  bark  or  wood,  and  very  fre- 
quently in  the  flowers  and  feeds.  Therefore,  when  you  de- 
fign  ro  extract  the  principle  of  odour  from  a  vegetable  that  is 
not  equally  odoriferous  in  every  part,  you  mult  chufe  thofe 
parts  that  have  the  moft  perceptible  and  ftrongeft  fcent. 


PROCESS    II. 

To  extratl  the  Fat  Oils  of  Plants   by  Decotlion   in  boiling 
Water.     Cacao  Butter. 

POUND   or  bruife  in   a   marble  mortar  your  vegetable 
fubftances,  abounding  with  the  Fat  Oi)  which  you  in- 
tend to  extract  by  decoction :  tie  them  up  in  a  linen  cloth  ; 

put 
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put  this  packet  into  a  pan,  with  feven  or  eight  times  as  much 
water,  and  make  the  water  boil.  The  Oil  will  be  feparated 
by  the  ebullition,  and  float  on  the  furface  of  the  water.  Skim 
it  oft"  carefully  with  a  ladle,  and  continue  boiling  till  no  more 
Oil  appear. 

OBSERVATIONS. 

The  heat  of  boiling  water  is  capable  of  feparating  the 
Fat  Oils  from  vegetable  matters  that  contain  any  :  but  this  is 
to  be  effected  by  actual  decoction  only,  and  not  by  diftilla- 
tion ;  becaufe  thefe  Oils  will  not  rife  in  an  alembic  with  the 
heat  of  boiling  water.  We  are  therefore  neceffitated  to  col- 
lect them  from  the  furface  of  the  water,  as  above  directed. 
By  this  means  a  much  greater  quantity  of  Fat  Oil  may  be 
obtained  than  by  expreffion  alone  ;  becaufe  the  degree  of  heat 
applied  greatly  facilitates  the  feparation  of  the  Oil.  For  a  con- 
vincing proof  of  this  truth,  take  the  remains  of  any  vegetable 
matters,  from  which  the  Oil  hath  been  fo  thoroughly  expref- 
fed  that  they  would  yield  no  more ;  boil  them  in  this  man- 
ner, and  you  will  obtain  a  great  deal  more  Oil. 

The  water  ufed  in  this  coction  generally  becomes  milky, 
like  an  emulfion  ;  becaufe  it  contains  many  oily  particles, 
that  are  difperfed  in  it  juft  as  in  an  emullion.  Neverthelefs, 
this  way  of  obtaining  the  Fat  Oils  is  not  generally  practifedj 
becaufe  the  heat,  to  which  they  are  expofed  in  the  operation, 
occafions  their  being  lefs  mild  than  they  naturally  are :  but 
it  is  an  excellent  method,  and  indeed  the  only  one  that  can 
be  employed,  for  extracting  from  particular  vegetables  cer- 
tain concrete  oily  matters,  in  the  form  of  Butter  or  "Wax ; 
which  matters  are  no  other  than  Fat  Oils  in  a  fixed  ftate. 
The  Cacao  yields,  by  this  means,  a  very  mild  butter ;  and  in 
the  fame  manner  is  a  Wax  obtained  from  a  certain  fhrub  in 
America. 

The  heat  of  boiling  water  melts  thefe  oily  matters,  which 
then  afcend  to  the  furface  of  the  liquor,  and  float  on  it  like 
other  Oils.  They  afterwards  fix  as  they  cool,  and  refume 
their  natural  confidence.  We  fhall  fee  in  the  fequel,  that 
they  cannot  be  extracted  in  a  concrete  form  by  diftillation, 
which  requires  a  greater  degree  of  heat  than  that  of  boiling 
water;  becaufe  diftillation  changes  their  nature,  partly  de- 
compofes  them,  and  prevents  their  returning  to  their  proper 
confidence  as  they  cool. 
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PROCESS    III. 

To  extract  Effential  Oils  of  Plants  by  Diftillation  with  the 
Heat  of  boiling  Water-     Dijliiled  Waters. 

PU  T  into  a  cucurbit  the  plant  from  which  you  defign 
to  extract  the  Eflential  Oil.  Add  as  much  water 
as  will  fill  two  thirds  of  your  veflel,  and  diflblve  therein 
half  an  ounce  of  Sea- fait  for  every  quart  of  water  you  ufe.  To 
this  body  fit  on  an  alembic-head,  and  to  the  nofe  thereof  lute 
a  receiver,  with  iized  paper,  or  wet  bladder.  Set  it  in  a  fur- 
nace, and  let  the  whole  digeft  together,  in  a  very  gentle 
warmth,  for  twenty-four  hours. 

This  being  done,  light  a  wood-fire  under  your  veflel,  brifk 
enough  to  make  the  water  in  it  boil  immediately.  Then 
flacken  your  fire,  and  leave  it  juft:  ftrong  enough  to  keep  the 
water  fimmering.  There  will  come  over  into  the  receiver  a 
liquor  of  a  whkifh  colour,  fomewhat  milky;  on  the  furface 
of  which,  or  at  the  bottom,  will  be  found  an  Oil*  which  is 
the  Eflential  Oil  of  the  vegetable  you  put  into  the  cucurbit. 
Continue  your  diftillation  with,  the  fame  degree  of  heat,  till 
you  perceive  the  liquor  come  off  clear,  and  unaccompanied 
with  any  Oil. 

When  the  diftillation  is  finifhed,  unlute  the  receiver ;  and, 
if  the  Eflential  Oil  be  of  that  fort  that  it  is  lighter  than  water, 
fill  the  veflel  up  to  the  top  with  water.  On  this  occafion  a  lor  g- 
necked  matrafs  fhould  be  ufed  for  a  receiver ;  that  the  Oil 
which  floats  on  the  water  mav  collect,  together  in  its  neck, 
and  rife  up  to  its  mouth.  Then  in  the  neck  of  this  veflel  put 
the  end  of  a  thread  of  cotton-twine,  fo  that  the  depending 
part  without  the  veflel  may  be  longer  than  that  in  the  Oil, 
and  the  extremity  thereof  hang  within  the  mouth  of  a  little 
phial,  juft  big  enough  to  contain  your  quantity  of  Oil.  The 
Oil  will  rife  along  the  yarn  as  in  a  fiphon,  filter  through  itt 
and  fall  drop  by  drop  into  the  little  phial.  When  all  the  Oil 
is  thus  come  over,  flop  your  little  bottle  very  clofe,  with  a 
cork  coated  over  with  a  mixture  of  wax  and  a  little  pitch. 

If  your  Oil  be  ponderous,  and  of  the  fort  that  finks  in  wa- 
ter, pour  the  whole  contents  of  the  receiver  into  a  glafs  fun- 
nel, the  pipe  of  which  muft  terminate  in  a  very  fmall  aper- 
ture that  may  be  flopped  with  your  fore-finger.  All  the  Oil 
will  be  collected  in  the  lower  part  of  the  funnel :  then  remove 
your  finyger,  and  let  the  Oil  run  out  into  a  little  bottle  through 

another, 
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another  fmall  funnel.  When  you  fee  the  water  ready  to  come, 
ftop  the  pipe  of  the  funnel,  and  cork  the  bottle  containing 
your  Oil. 

OBSERVATIONS. 

Essential  Oils,  though  they  all  refemble  each  other  in 
their  principal  properties,  are  neverthelefs  very  different  in 
fome  refpecls  :  for  which  reafon  almoft  every  one  of  them 
requires  a  particular  management,  for  obtaining  it  with  the 
greateft  advantage  poffible,  both  as  to  quality  and  quantity. 

One  of  the  firft  things  requifite  is,  to  chufe  the  proper 
time  for  diftilling  the  plant,  from  which  you  defire  to  extract 
the  EfTential  Oil;  becaufe  the  quantity  of  Oil  yaries  confi- 
derably,  according  to  the  feafon^  of  the  year,  as  well  as  the 
age  of  the  plant.  For  example,  the  moft  favourable  time 
for  obtaining  thefe  Oils  from  the  leaves  of  ever- green  plants 
or  trees,  fuch  as  Thyme,  Sage,  Rofemary,  the  Orange,  the^ 
Bay,  the  Fir,  &c.  is  the  end  of  Autumn  ;  becaufe  thefe  vege- 
tables contain  a  great  deal  more  Oil  at  that  feafon  than  at 
any  other.  With  regard  to  annual  plants,  they  mufl  be  cho- 
fen  when  in  their  prime,  and  juft  before  they  begin  to  de- 
cline. The  time  therefore  of  gathering  them  is  when  they 
begin  to  flower :  and  if  you  want  to  extract  the  Oil  from  the 
flowers  themfelvqs,  you  muft  pull  them  juft  when  they  are 
newly  blown. 

Secondly,  it  muft  be  obferved,  that  the  EfTential  Oils  of 
plants  are,  as  it  were,  the  chief  refidence  and  refervoir  of 
their  odorous  principle ;  that  they  are  to  be  found  wherever 
that  principle  exifts,  and  never  where  it  is  not :  fo  that  what 
we  faid  concerning  the  Spiritus  Reefer  of  plants  is  applicable 
here  It  muft  be  remembered,  that  all  the  parts  of  fome  ve- 
getables are  odoriferous.  Such  plants  may  be  put  into  the 
alembic  all  together,  and  the  Effential  Oil  diftilled  from  all 
their  parts  at  once.  But  others,  and  indeed  the  greateft 
number,  have  no  odour,  or  at  leaft  none  that  is  very  percep- 
tible, except  in  fome  particular  parts ;  as  in  their  leaves, 
flowers,  roots,  or  feeds  :  therefore,  when  you  want  to  have 
the  EfTential  Oil  of  fuch  a  plant,  you  muft  chufe  that  part 
in  which  the  Odour  refules.  The  fenfe  of  fmellir.g  muft  be 
the  artift's  principal  guide  on  this  occafion. 

Thirdly,  all  vegetables,  and  all  .the  parts  of  vegetables, 
have  not  the  fame  texture:  fome  are  hard  and  compact,  as 
woods,  barks,  and  fome  roots ;  others  are  tender  and  fuccu- 
lent,  as  moft  annual  plants,  and  fome  fruits.     For  this  rea- 

fen, 
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fon,  they  muft  be  differently  prepared  for  diftillation.  It 
may  be  laid  down  as  a  general  rule,  that  the  clofer  and 
more  compact  their  texture  is,  the  more  they  require  to  be 
opened  and  divided,  either  by  comminuting  them  into  fmall 
particles,  or  by  digefting  them  a  confiderable  time  in  water 
acuated  with  Salt. 

Fourthly,  though  all  Effential  Oils  be  capable  of  rifing  in 
diftillation  with  the  heat  of  boiling  water,  yet  they  have  not 
all  an  equal  degree  of  levity  and  weight :  on  the  contrary, 
they  vary  exceedingly  in  this  refpect :  fome,  as,  for  inftance, 
thole  of  all  our  European  aromatics,  being  lighter  than  wa- 
ter, fo  that  they  always  float  on  its  furface ;  whereas  others, 
fuch  as  thofe  of  Cloves,  Saffafras,  &c.  which  are  Indian  a- 
romatics,  are  heavier  than  water,  and  always  (ink  in  it  by 
their  fpecific  gravity.  Thcfe  differences  therefore  require 
different  methods  of  diftillation.  It  is  proper,  for  example, 
to  make  ufe  of  a  low  alembic  in  diftilling  fuch  Effential  Oils 
as  are  heavier  than  water;  and,  moreover,  to  facilitate  their 
feparation,  by  applying  a  degree  of  heat  fomewhat  ftronger 
than  that  of  boiling  water.  This  is  eafily  done  by  impreg- 
nating the  water  with  a  proper  quantity  of  Sea-falt,  or  the 
Vitriolic  Acid ;  for,  the  more  faline  matters  are  contained  in 
water,  the  more  will  the  degree  of  heat  it  acquires,  by  being 
brought  to  boil,  exceed  that  of  pure  boiling  water. 

Fifthly,  Effential  Oils  differ  from  one  another  in  point  of 
fluidity.  Some  are  as  thin  and  as  fluid  as  Spirit  of  Wine : 
of  this  number  is  the  Effential  Oil  of  Turpentine.  Others, 
again,  are  thick,  and  even  congeal  as  they  cool :  fuch,  for 
inftance,  is  the  Oil  of  Pvofes.  In  diftilling  Oils  of  this  lat- 
ter fort,  care  muft  be  taken  that  the  fpout  of  the  alembic 
head  do  not  grow  too  cold,  but  be  kept  always  in  fuch  a  de- 
gree of  warmth  as  may  prevent  the  Oil  from  fixing  in  it, 
and  flopping  it  up;  which  would  interrupt  the  diftillation, 
and  might  alfo  occafion  fome  other  more  confiderable  incoii- 
veniencies,  of  which  we  fhall  take  notice  prefently. 

From  what  hath  been  faid  it  appears,  that  the  diftillation 
of  Effential  Oils  cannot  be  regulated  by  any  one  general  rule; 
but  that  the  manner  of  operating  muft  be  a  little  varied,  ac- 
cording to  the  nature  of  the  Oil  to  be  di Milled,  and  to  that 
of  the  vegetable  from  which  it  is  to  be  drawn. 

The  time  of  day  fitted  to  gather  plants  for  this  diftillation 
is  the  morning  before  fun-rife;  becaufe  the  coolnefs  of  the 
night  hath  fhut  all  their  pores,  and  concentrated  their  odour: 
.whereas  in  the  evening,  after  the  plants  have  been  expofed  all 
day  to  the  heat  of  the  fun,  their  odorous  principle  is  in  a 

great 
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great  meafure  diflipated,  and  they  are  left  almoft  quite  ex« 
haufted  of  it.  Now,  the  more  of  the  odorous  principle  the 
plants  contain,  the  more  Effential  Oil  will  they  yield,  and 
the  more  virtue  will  that  Oil  have. 

Plants  frcfh  gathered,  and  as  yet  full  of  moifture,  do  not 
yield  fo  much  Oil  in  diftillation  as  they  do  when  dried ;  be- 
caufe  the  oily  particles  in  a  very  moift  plant  are  mere  diffuf- 
ed,  and  even  feparated  from  each  other,  by  the  interpolation 
of  the  aqueous  parts :  whence  it  comes  to  pafs  that,  in  diftil- 
lation, they  afcend  in  a  ftate  of  feparation  from  each  other ; 
fo  that  being  difperfed  through  the  water  they  give  it  a  milky 
colour,  like  that  of  an  emulfion;  and  cannot  unite  together 
but  in  fmall  quantities,  which  hinders  their  being  eafily  fepa- 
rated from  the  water. 

This  inconvenience  doth  not  happen,  or  at  leaft  is  confi- 
derably  lefs,  when  the  greateft  part  of  the  humidity  of  the 
plant  is  evaporated  by  deficcation  i  for  the  oily  particles,  be- 
ing thus  delivered  from  the  intervening  aqueous  parts,  which 
kept  them  feparated  from  each  other,  are  brought  nearer  to- 
gether, unite,  and  form  little  vifible  globules  of  Oil,  which 
eafily  emerge  from  rhe  water  employed  in  the  diftillation. 
But,  in  drying  plants  from  which  the  Effential  Oil  is  to  be 
extracted,  great  care  mull  be  taken  that  they  be  neither  ex- 
pofed  to  the  fun,  nor  laid  in  a  warm  place ;  becaufe  the  heat 
would  carry  off  part  of  their  odour,  and  even,  from  fome 
plants,  a  pretty  considerable  quantity  of  their  Effential  Oil. 

Plants  of  a  loofe  texture,  that  eafily  give  out  their  EfTen- 
tial Oils,  need  not  be  comminuted,  or  macerated  in  water 
with  Salt.  But  this  method  muft  unavoidably  be  taken  with 
fuch  as  are  hard,  and  do  not  readily  part  with  their  Oil. 
"Woods,  barks,  roots,  for  inftance,  muft  be  flrft  rafped,  then 
fet  to  macerate  in  water  impregnated  with  Salt,  as  before  di- 
rected ;  and  this  fometimes  for  feveral  weeks  before  they  be 
diftiiled. 

On  this  occafion  Salt  procures  three  different  advantages. 
In  the  firft  place,  it  prevents  the  matters,  that  muft 
fland  in  maceration  for  fome  time,  from  running  into  fer- 
mentation :  an  inconvenience  that  would  considerably  dimi- 
nifli  the  quantity  of  Effential  Oil,  or  perhaps  rob  us  of  the 
whole,  by  converting  it  into  an  Ardent  Spirit,  if  the  fer- 
mentation were  fpirituous ;  or  into  a  Volatile  Alkali,  if  it 
went  on  to  the  laft  ftage,  and  as  far  as  putrefaction.  In  the 
next  place,  it  acuates  the  water,  and  renders  it  more  capable 
of  penetrating  and  properly  dividing,  during  the  maceration, 
the  texture  of  the  plant  which  requires  to  be  thus  prepared. 

Laftlv, 
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Laftly,  it  adds  a  little  to  the  heat  of  the  boiling  water,  and 
fo  promotes  the  afcent  of  the  heavieft  Oils. 

Neverthelefs,  when  you  find  it  necefTary,  for  the  reafons 
affigned  above,  to  mix  Salt  with  the  water  to  be  employed 
in  diftilling  your  EfTential  Oil,  you  muft  be  cautious  of  put- 
ting in  too  much.  You  will  indeed  obtain,  by  means  there- 
of, much  more  Oil  than  if  you  diftilled  it  without  Salt :  but, 
as  a  great  quantity  of  Salt  will  make  the  water  acquire  a 
much  greater  degree  of  heat  than  that  of  pure  boiling  water, 
a  good  deal  of  the  heavy  Oil  of  the  vegetable  will  be  raifed 
by  fuch  a  heat,  mix  with  the  EfTential  Oil,  deprave  it,  and 
make  it  like  thofe  that  are  adulterated  with  a  mixture  of  fome 
heterogeneous  Oil,  as  will  be  afterwards  fhewn. 

"When  every  thing  is  prepared  for  diftillation,  it  is  proper, 
as  directed  in  the  procefs,  to  apply  at  once  a  flaming  fire, 
brifk  enough  to  make  the  liquor  boil  immediately  :  for,  if  the 
water  be  kept  long  heating  before  it  be  made  to  boil,  the 
EfTential  Oil,  which  cannot  rife  without  the  heat  of  boiling 
water,  will,  by  a  lefs  degree  of  heat,  be  only  agitated,  darn- 
ed about  every  way,  and  churned  as  it  were ;  by  which  means 
it  will  be  divided  into  very  minute  particles,  and  difperfed  in 
the  water,  which  will  thence  acquire  a  milky  colour :  and 
confequently  we  fhall  fall  into  the  inconvenience  that  was 
pointed  out  above,  as  happening  when  we  diftil  plants  with- 
out having  dried  them,  and  while  they  are  loaded  with  all 
the  moifture  and  fap  that  was  in  them  when  frefh  gathered. 

When  the  water  in  the  cucurbit  boils,  it  will  be  known  by 
the  noife  that  boiling  water  ufually  makes,  which  is  produced 
by  the  numerous  bubbles  that  rife  and  burft  on  its  furface. 
The  fpout  of  the  alembic  is  then  fo  hot,  that  a  man  cannot 
lay  his  finger  on  it,  without  fuch  a  fenfation  of  burning  heat 
as  is  not  to  be  endured.  With  this  degree  of  heat  the  water 
diflils  in  drops,  which  fucceed  each  other  fo  fait,  that  they 
feem  to  form  a  continued  imall  ftream  j  and  this  water  is  re- 
plete with  much  EfTential  Oil. 

And  now  it  is  proper  to  weaken  the  fire  confiderably,  fa 
as  to  leave  it  but  juff.  ftrong  enough  to  keep  the  liquor  gently 
boiling  :  for  if  the  diftillation  be  urged  too  precipitately,  the 
aqueous  and  oily  vapours,  being  forcibly  hurried  up  by  too 
great  a  heat,  may  carry  along  with  them  fome  parts  of  the 
plant,  which  may  flick  in  the  fpout,  Hop  it  up,  and  endan- 
ger the  burfting  of  the  vefTel,  or  at  lead  the  forcing  off  its 
head,  by  the  exceedingly  rarefied  particles  of  water,  oil,  and 
air,  all  driving  to  eicape  at  the  fame  timej  and  thefe  burn- 
ing 
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ing  hot  vapours,  being  difcharged  with  impetuofity,  may  not 
only  fcald  the  operator,  but  injure  his  lungs. 

In  fuch  diflillations  it  is  of  confeq-uence  to  keep  conftantly 
cooling  the  head  of  the  alembic,  by  frequently  renewing  the 
water  in  the  refrigeratory,  in  order  to  facilitate  the  condenfa- 
tion  of  the  oily  particles.  The  water  in  the  cooler  ought  to 
be  renewed  when  it  begins  to  fmoke  very  perceptibly. 

Whatever  care  be  taken  to  fave  as  much  of  the  Oil  as  pof- 
fible,  and  to  prevent  its  being  left  difperfed  in  the  water,  yet 
fome  lofs  of  this  kind  cannot  be  totally  avoided  :  and  thus 
the  water  that  rifes  in  diftilling  the  Oil  is  always  more  or  lefs 
milky,  and  ftrongly  fcented,  even  after  it  is  feparated  from 
the  EfTential  Oil.  Yet  this  portion  of  the  Oil  and  of  the 
odorous  principle,  which  is  retained  by  the  water  employed 
in  fuch  diftillation,  is  not  therefore  loft:  the  water  impreg- 
nated with  thefe  principles  partakes  of  the  properties  of  the 
plant  from  which  the  EfTential  Oil  was  drawn,  and  may  be 
ufed  medicinally:  it  is  known  in  Pharmacy  by  the  title  of  the. 
Dijiilled  Water  of  the  plant. 

The  fame  water  may  be  ufed  again,  with  advantage,  in 
diftilling  the  EfTential  Oil  of  a  frefh  plant  of  the  fame  fort ; 
beeaufe  the  oily  and  odorous  particles,  with  which  it  is  im- 
pregnated, joining  with  thofe  afforded  by  the  freili  plant, 
form  larger  molecula^  capable  of  uniting  more^eafily,  and 
emerging  better  from  the  water;  and  confequently  they  in- 
creafe  the  quantity  of  Oil.  Thus  the  fame  water  may  be  al- 
ways employed  in  new  di (filiations ;  and*  the  oftener  it  is 
ufed,  with  the  greater  advantage  may  it  be  ufed  again. 

After  all  the  EfTential  Oil  is  rifen,  if  the  diiiillation  be 
continued,  and  the  receiver  changed,  the  liquor  that  will 
then  come  off  will  not  be  milky,  but  limpid.  It  will  have 
no  odour  at  all  of  the  plant,  but  a  kind  of  fourifh  (mell^  and 
indeed  it  is  a  part  of  the  Acid  of  the  vegetable  in  the  flill, 
which  is  elevated  by  the  heat  of  boiling  water,  after  all  the 
ErRntial  Oil  is  come  over. 

If  you  intend  to  keep  the  diftilled  water  which  hath  ferveel 
as  a  vehicle  to  the  EfTential  Oil,  and  defign  it  for  medicinal 
ufe,  great  care  mud  be  taken  to  flop  the  diilillation  before 
this  acid  phlegm  begin  to  rife  :  for,  if  it  mould  mix  with  the 
diftilled  water,  it  would  fpoil  it,  and  hinder  it  from  keeping; 
probably  beeaufe  it  contains  fome  mucilaginous  parts:,  which 
are  apt  to  putrify. 


PRO- 
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PROCESS     IV. 

To  extract  the  EJfential  Oils  of  Plants  by  Dijlillation  per 
Defcenfum. 

REDUCE  to  a  powder,  or  a  pafle,  the  vegetable  fubflan- 
ces  from  which  you  intend  to  extract  the  EfTential  Oil 
by  the  method  propofed.  Lay  this  matter  about  half  an  inch 
thick  on  a  fine,  clofe,  linen  cloth.  If  it  be  dry  and  hard, 
expofe  the  cloth  containing  it  to  the  fleam  of  boiling  water, 
till  the  matter  become  moid  and  foft.  Then  lay  the  cloth, 
with  its  contents,  over  the  mouth  of  a  very  tall  cylindrical 
glafs  vefTel,  which  is  to  do  the  office  of  a  receiver  in  this  di- 
stillation ;  and,  by  means  of  a  piece  of  fmall  pack-thread, 
faflen  down  the  extremities  of  the  cloth,  by  winding  the 
thread  feveral  times  over  them  and  round  the  vefTel ;  in  fuch 
a  manner,  however,  that  the  cloth  be  not  tight,  but  may 
yield  to  a  fmall  weight,  and  fink  about  five  or  fix  lines  deep 
into  the  vefTel  over  which  it  is  faftened.  Set  this  recipient 
in  a  larger  vefTel,  containing  fo  much  cold  water  as  will 
reach  half  way  up  the  cylindrical  vefTel ;  which,  having  little 
in  it  but  air,  muft  be  ballafted  with  as  much  lead  as  will  fink 
it  to  the  bottom  of  the  water. 

On  the  cloth  containing  the  fubflance  to  be  diflilled  fet  a 
fiat  pan  of  iron  or  copper,  about  five  or  fix  lines  deep,  that 
may  juft  fit  the  mouth  of  the  glafs  vefTel  over  which  the  cloth 
is  faftened,  fo  as  to  fhut  it  quite  clofe.  Fill  this  pan  with 
hot  afhes,  and  on  thefe  lay  fome  live  coals.  Soon  after  this, 
you  will  fee  vapours  defcend  from  the  cloth,  which  will  fill 
the  recipient,  and  drops  of  liquor  will  be  formed  on  the  un- 
der fide  of  the  cloth,  from  whence  they  will  fall  into  the 
vefTel.  Keep  up  an  equal  gentle  heat  till  you  perceive  no- 
thing more  difcharged.  Then  uncover  the  recipient :  you 
will  find  in  it  two  diftinc?t  liquors  ;  one  of  which  is  the 
phlegm,  and  the  other  the  EfTential  Oil  of  the  fubflance  di- 
flilled. 

OBSERVATIONS. 

The  apparatus  for  diflilling  above  defcribed  is  very  conve- 
nient, when  we  have  not  the  vefTels  necefTary  for  diflilling 
with  water,  or  when  we  want  to  obtain  the  EfTential  Oil  of 
any  vegetable  fubllance  in  much  lefs  time.  The  aqueous 
and  oily  parts  of  the  fubftances  diflilled  in  this  manner,  be- 
ing 
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ing  rarefied  by  the  heat  of  the  fire  placed  over  them,  cannot 
afcend  upwards,  becaufe  they  are  clofe  confined  on  that  fide; 
and,  moreover,  the  fire  which  rarefies  them  poflefling  all  the 
upper  part  of  the  vefTel  in  which  they  are  contained,  they 
are  forced  to  fly  from  it  to  the  place  which  mod  favours  their 
condenfation  :  and  this  determines  them  to  defcend  in  the 
recipient,  where  they  meet  with  a  coolnefs  that  condenfes 
and  fixes  them.  It  was  with  a  view  to  promote  this  con- 
denfation, that  we  ordered  the  lower  part  of  the  recipient 
to   be  funk   in   cold  water. 

Cloves  are  one  of  thofe  fubftances  whofe  EfTential  Oil  is  beft 
obtained  by  this  method.  In  the  fame  way  alfo  may  be  drawn 
the  Eifencial  Oil  of  Lemon-peel,  Citron-pee),  Orange-peel, 
Nutmegs,  and  feveral  other  vegetable  fubftances:  but  you 
muft  be  cautious  of  applying  too  ftrong  a  heat;  for  in  that  cafe 
the  Oil,  inftead  of  being  white  and  limpid,  acquires  a  red, 
dark- brown,  blackifh  colour,  is  burnt,  and  fmells  of  empv- 
reuma  :  and,  on  the  other  hand,  if  you  do  not  apply  a  pro- 
per degree  of  heat,  you  will  fcarce  get  any  Oil  at  all.  It  is 
the  fureft,  and  therefore  the  beft,  way  to  diftil  thefe  Oils 
with  water  in  an  alembic.  And  indeed  the  diflillation  per 
defcenfum  is  feldom  ufed,  but  out  of  curiofity  to  try  its  ef7ec% 
or  on  fuch  prefling  occafions  as  allow  no  choice. 


PROCESS     V. 

InfuJionSy  Decoflions,  and  Extracts  of  Plants. 

MAKE  fome  water  boiling-hot,  and  then  take  it  off  the 
fire.  When  it  ceafes  to  boil,  pour  it  on  the  plant  of 
which  you  defire  to  have  the  Infufion  ;  taking  care  there  be 
enough  of  it  to  cover  the  plant  entirely.  Cover  the  vdfel, 
and  let  your  plant  lie  in  the  hot  water  for  the  fpace  of  half 
an  hour,  or  longer,  if  it  be  of  a  firm  clofe  texture.  Then 
pour  off  the  water  by  inclination  :  it  will  have  partly  acquir- 
ed the  colour,  the  fmell,  the  tafte,  and  the  virtues  of  the 
plant.     This  liquor  is  called  an  Infufion. 

To  make  the  Decoction  of  a  vegetable  fubftance,  put  it 
into  an  earthen  pan,  or  into  a  tinned  -copper  vefTel,  with  a 
quantity  of  water  fuffkient  to  bear  being  boiled  for  feveral 
hours,  without  leaving  any  part  of  the  plant  dry.  Boil  your 
plant  more  or  lefs  according  to  its  nature ;  and  then  pour  off 
the  water  by  inclination.     This  water  is  impregnated  with 

3  G  2  feveral 
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feveral  of  the  principles  of  the  plart,  of  which  we  (hall  take 
notice  in  the  following  o'jfervations. 

OBSERVATIONS. 

"Water,  efpeciallv  when  boiling  hot,  is  capable  of  dif- 
folving  not  only  nil  that  is  purely  faline  in  vegetables,  but 
alio  a  pretty  conuderable  quantity  of  their  Oil  and  of  their 
earth,  which,  by  contracting  an  union  with  the  faline  parts, 
have  formed  faponaceoiis,  gummy,  and  mucilaginous  com- 
pounds, that  are  foluble  in  water.  After  violent  and  long- 
continued  boiling,  therefore,  there  remains  nothing  in  the 
plant  but  the  pureft  oily  part,  and  fuch  as  is  the  mod  fixed, 
that  is,  the  mo  ft  clofely  united  with  the  earth  of  the  plant. 
I  fay,  the  mod  fixed :  for  fome  part  of  the  oily  matters, 
though  not  foluble  in  water,  may  be  feparated  by  the  action 
of  boiling  water,  when  thofe  matters  abound  greatly  in  the 
vegetable  deccciled  \  as  we  have  feen  happen  to  the  Fat  Oils 
of  certain  vegetable  matters ;  but  in  that  cafe  thefe  oily  mat- 
ters float  upon  the  Decoction,  and  do  net  conftstute  a  part 
of  it. 

From  what  we  have  already  faid,  touching  the  anaiyfis  of 
plants,  it  feems  evident,  that,  if  thofe  decocted  be  odorife- 
rous and  contain  an  Effential  Oil,  the  Decoction  will  con- 
tain none,  or  at  moft  but  very  little,  of  their  Effential  Oil, 
cr  their  odorous  principle;  feeing  we  know  that  thefe  fubflan- 
ces  cannot  bear  the  heat  of  boiling  water,  without  being  car- 
ried off  and  entirely  diffipated  by  it.  Therefore,  when  we  make 
a  decoction  of  an  aromatic  plant,  containing  an  Effential  Oil, 
we  may  be  affured  that  it  wrill  not  poffefs  the  virtues,  either 
of  the  odorous  part,  or  of  the  Effential  Oil,  and  that  it  will 
have  none  but  thofe  of  the  other  more  fixed  principles  of  the 
plant,  with  which  it  may  be  impregnated.  The  Decoction 
of  fuch  a  plant  perfectly  refembles  the  water  left  in  the  cu- 
curbit, after  diftilling  its  Effential  Oil.  But  for  thofe  plants 
in  which  there  are  no  fuch  volatile  parts,  or  whofe  virtue 
doth  not  refide  in  thofe  principles,  fuch  as  aflringent  and 
emollient  plants,  for  example,  that  owe  their  properties 
wholly  to  an  earthy  Salt,  or  to  a  mucilage,  they  are  capable 
of  communicating  their  whole  virtue  to  the  water  in  which 
they  are  infufed  or  decoded. 

If,  on  one  hand,  the  Salts  of  plants  render  fome  portion 
of  the  principles  of  thofe  plants  foluble  in  water,  fuch  as  part 
of  their  Oil  and  their  earth,  which  if  they  were  pure  would 
not  diffolve  therein  ;   on  the  other  hand,    thefe  principles, 

being 
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bein-T  of  their  oiVn  nature  indifToluble  in  water,  hinder  the 
Salts,  by  the  union  they  have  contracted  together,  from  dif- 
folving  in  it  fo  eafily,  i'o  ibon,  and  in  fuch  quantities,  as  if 
they  were  pure,  This  is  fo  true,  that  water,  though  boiled 
long  and  violently,  is  far  from  extracting  out  of  plants  ail 
thofe  parts  that  it  is  capable  of  difTolving.  If,  aftef  boiling  a 
plant  in  water,  as  directed  in  the  process,  this  water  be  pour- 
ed off,  frefh  water  added,  and  a  fecond  decoition  made  in 
the  fame  manner  as  the  firft,  the  water  of  this  latter  decoc- 
tion will,  by  that  means,  be  alrrioft  as  (Irongly  impregnated 
with  the  principles  of  the  plant  as  the  former  was*  Mr. 
Boerhaave  was  obliged  to  make  twenty  fucceffive  deeoclions 
of  the  fame  plant,  to  wit,  Rofemary,  before  the  water  came 
off  the  plant  colourlefs  and  infipid  ;  in  a  word,  juft  as  it  was 
before  the  plant  was  boiled  in  it. 

Mr.  Boerhaave  obierves,  that  a  plant,  after  having  thus 
given  out  all  that  water  can  difTolve,  ilill  retains  exactly 
the  fame  form  that  it  had  before  it  underwent  any  of  the 
many  boilings  necefla.-y  to  exhauft  it  5  that  its  colour,  from 
being  green  at  firft,  becomes  brown;  and  that  the  plant* 
which  when  green  is  lighter  than  water,  or  at  leaf!  doth  not 
fink  in  it,  is  heavier  after  this  operation,  arid  falls  to  the 
bottom.  This  is  a  proof  that  the  water  hath  extracted  out 
of  the  plant  its  lighted  fubftances,  affuming  their  places  it- 
{dt,  and  that  it  hath  left  nothing  but  its  heavieff.  principles^ 
namely,  its  fixed  oil  and  its  earth.  We  fhall  afterwards  exa- 
mine more  particularly  thefe  remains  of  plants  exhauited  by 
water. 

If  the  Infufions  and  Decoctions  of  plants  be  filtered,  and 
evaporated  in  a  gentle  heat,  they  become  Extracts,  that  may 
be  kept  for  whole  years,  efpecially  if  they  be  evaporated  to  a 
thick  confidence;  and  better  ftill  if  they  be  evaporated  to 
drynefs. 

From  what  hath  been  faid  concerning  the  Infufions,  Pe- 
coclions,  and  Extra£ts  of  plants,  it  follows,  1.  That  Infu- 
fions and  Deco&ions  of  aromatic  plants  do  not  furniih  a 
complete  Extract  of  thofe  plants ;  becaufe  they  do  not  con- 
tain the  volatile  and  odorous  parts,  in  which  the  principal 
virtue  of  fuch  plants  ufualiy  refides.  If  therefore  you  de- 
fire  to  make  Extracts  of  fuch  vegetables,  that  fhall  have  no 
defect,  you  muft  employ  their  juices  drawn  by  exprefb on,  or 
water  impregnated  with  their  principles  by  the  means  of  tr- 
tu radon ,  and  evaporate  the  liquor  by  fpreading  it  over  a  great 
number  oi  phtes,  in  order  to  enlarge  its  furface,  and  quick- 
en 
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en  the  evaporation,  which  muft  be  effected  by  the  heat  of  the 
fun  alone,  or  the  well -tempered  warmth  of  a  ftove. 

2.  It  may  alfo  be  inferred,  that  water  alone,  aided  by  the 
degree  of  heat  it  is  capable  of  acquiring  by  being  made  to 
boil,  is  not  fufficient  to  effect  the  complete  analyfis  of  a  plant; 
fince  not  only  fome  of  its  principles  are  ftill  left  combined  in 
it,  though  exhaufted  as  much  as  it  can  be  by  boiling  water; 
but  alfo  feveral  of  the  fubftances  extracted  from  it  by  water 
are  compounds  of  fome  of  the  principles  of  the  plant,  and 
fufceptible  of  a  much  more  accurate  analyfis;  as  we  fhall  be 
convinced  when  we  come  to  examine  the  effects  which  a  de- 
gree of  heat  fuperior  to  that  of  boiling  water  is  able  to  pro- 
duce on  entire  plants,  on  their  Extracts,  and  on  their  re* 
mains  exhaufted  as  much  as  they  can  be  by  boiling  water. 

But  before  we  enter  on  that  part  of  the  analyfis,  it  is  pro- 
per to  confider  the  experiments  and  combinations  that  may 
be  macle  with  the  principles  we  have  already  obtained ;  in 
order  to  difcover  their  nature,  and  in  fome  meafure  analyze 
even  them.  Effential  Oils  in  particular  deferve  to  be  thus 
examined. 

We  alfo  obtain  from  certain  plants,  with  a  degree  of  heat 
lefs  than  that  of  boiling  water,  a  Volatile  Alkali,  which  ex- 
ifts  formally  in  them  t  but  as  thefe  plants,  when  analyzed, 
yield  principles  different  from  thofe  we  obtain  out  of  all  other 
vegetable  fubftances,  and  as  they  refembie  animal  matters, 
we  (hall  refer  their  analyfis  to  a  diftinct  chapter. 


CHAR       V. 
Of  Operations  on  Essential  Oils. 

PROCESS     I. 

The  Re  clifi cation  of  Effential  Gils. 

PUT  into  a  cucurbit  the  Effential  Oil  you  propofe  to  rec- 
tify. Set  the  cucurbit  in  a  balneum  marice ;  fit  to  it  a 
head  of  tin,  or  of  copper  tinned,  together  with  its  refrigera- 
tory; and  lute  on  a  receiver.  Make  the  water  in  the  bath 
boil,  and  keep  up  this  degree  of  heat  till  nothing  more  will 
come  over.     When  the  diftillaticn  is  nnifhed,  you  will  find 

in 
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in  the  receiver  a  rectified  EfTential  Oil,  which  will  be  clearer, 
thinner,  and  better  fcented,  than  before  it  was  thus  re-diftil- 
led;  and  in  the  bottom  of  the -cucurbit  will  be  left  a  matter 
of  a  deeper  colour,  more  tenacious,  more  refmous,  and  of  a 
lefs  grateful  fmell. 

OBSERVATIONS. 

Essential  Oils,  even  the  purefl,  the  beft  prepared,  and 
the  thinneft,  fuffer  great  changes,  and  are  much  impaired  by- 
growing  old:  they  gradually  turn  thick  and  refinous;  their 
iweet  grateful  fcent  is  loft,  and  fucceeded  by  a  more  difagree- 
able  fmell,  fomewhat  like  that  of  Turpentine.  The  caufe  of 
.thefe  changes  is,  that  their  fineft  and  moil  volatile  part,  that 
which  contains  moft  of  the  odorous  principle,  is  diffipated 
and  feparated  from  that  which  contains  leaft  of  it ;  which 
therefore  grows  thicker,  and  comes  fo  much  the  nearer  to 
the  nature  of  a  refin,  as  the  quantity  of  Acid,  that  was  di- 
ftributed.through  the  whole  Oil  before  the  diffipation  of  the 
more  volatile  part  is,  after  fuch  diffipation,  united  and  con- 
centrated in  the  heavieft  part ;  the  Acid  in  Oils  being  much 
lefs  volatile  than  the  odorous  part,  to  which  alone  they  owe 
their  levity. 

Hence  it  appears  what  precautions  are  to  be  ufed  for  pre- 
ferving  EfTential  Oils,  as  long  as  pomble,  without  fpoiling. 
They  mull  be  kept  in  a  bottle  perfectly  well  flopped,  and  al- 
ways in  a  cool  place,  becaufe  heat  quickly  diffipates  the  vo- 
latile parts.  Some  authors  direct  the  bottle  to  be  kept  under 
water. 

If  thefe  Oils  fhould  grow  thick  and  refinous  by  age,  yet 
they  are  not  to  be  thrown  away.  We  fhall  fhew,  in  the  ana- 
lyfis  of  Balfams  and  Refms,  that,  from  thefe  thick  and  even 
folid  fubftances,  EfTential  Oils  may  be  drawn,  as  thin  and 
as  limpid  as  from  plants.  EiTentia!  Oils,  thickened  by  time, 
may  therefore  be  treated  like  Balfamsr  and  actually  analyzed, 
by  Separating  all  the  fubtile  odorous  matter  they  contain  from 
their  thick  acid  parts.  For  this  purpole  they  need  only  be 
diftilled  with  a  degree  of  heat  juil  fufficient  to  elevate  the 
thin  odorous  parts,  without  raifing  the  thick  matter. 

The  refidue  left  at  the  bottom  of  the  vefTel,  becaufe  it 
could  not  rife  in  diflillation,  is  much  thicker  and  lefs  odor- 
ous than  the  Qil  was  before  rectification.  The  reafon  of 
this  is  evident,  and  follows  from  what  hath  jufl  been  faid. 
This  remainder  difTolves  in  Spirit  of  Wine  more  readily,  and 
in  greater  quantity,  than  the  light  Oil  drawn  from  it ;  be- 
caufe- 
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caufe  it  contains  more  Acid,  and  becaufe  Oils  owe  their  fo- 
lubility  in  this  menftruum  to  their  Acid  part,  as  is  proved  in 
our  Memoir  on  Oils  already  quoted. 

When  we  come  to  treat  of  Kefins,  we  fhall  inquire  more 
particularly  what  this  remainder  is,  and  what  principles  it 
yields  when  analyzed  :  in  this  place  it  is  fufficient  to  take 
notice,  that  though  ail  the  Oil  of  which  it  made  a  part  came 
over  at  firfl  with  the  heat  of  boiling  water,  yet  it  cannot  now 
be  railed  by  the  fame  degree  of  -heat  in  diilillation  ;  becaufe 
it  is  not  now  combined  with  toe  principle  of  odour  which 
gives  the  Oil  its  volatility,  and  becaufe  it  is  rendered  fluggiih 
by  being  clogged  with  too  great  a  proportion  of  Acid. 

From  what  hath  been  already  faid,  it  muft  be  concluded, 
that  EfTential  Oils fufFer  great  diminution  by  being  rectified; 
and  that  in  proportion  to  the  quantity  of  refinous  matter  left 
behind.  All  this  refinous  matter,  while  combined  with  a 
proper  quantity  of  the  odorous  principle  of  the  plant,  (that 
is,  at  the  time  of  its  being  cliitiilecl,  and  a  little  while  after), 
was  really  an  EfTential  Oil :  the  change  of  its  nature,  there- 
fore, is  entirely  owing  to  its  having  loft  that  principle. 

An  EfTential  Oil,  though  rectified,  is  ftili  as  apt  to  change 
and  be  fpoiled  as  before,  becaufe  it  ftiil  continues  to  lofe  its 
odorous  principle  by  degrees.  After  fome  time,  therefore, 
it  requires  a  fecond  rectification,  which  again  lefTens  its  quan- 
tity. In  fhort,  it  is  plain  that  Oils  will,  in  a  number  of 
years,  greater  or  fmaller  according  to  their  nature,  and  the 
manner  in  which  they  are  kept,  be  wholly  changed,  and  me- 
taraorphofed  into  a  refinous  matter,  from  which  no  thin  Oil 
can  be  drawn  with  the  heat  of  boiling  water :  and  this  is  a 
proof  of  the  fugacity  of  that  odorous  principle,  or  Spiritus 
Rector,  of  plants,  which,  when  united  with  their  lighteft 
Oil,  gives  it  the  character  of  an  EfTential  Oil. 

This  refinous  matter,  to  which  EfTential  Oils  are  finally 
reduced,  being  fubje£ted  to  repeated  diitillations,  with  a  de- 
gree of  heat  fuperior  to  that  of  boiling  'water,  is  ftill  capable 
of  yielding  a  certain  portion  of  a  thin,  limpid,  fweet-fcented 
Qil,  which  is  as  light  as  an  EfTential  Oil ;  as  we  obferved 
before  is  the  cafe  with  Fat  Oils  drawn  by  expreffion  :  but  the 
thin  Oil  obtained  by  this  means,  though  it  poiTciTes  almoft 
all  the  properties  of  an  EfTential  Oil,  is  not  for  all  that  a 
genuine  one;  feeing  it  hath  not  the  fame  odour  with  the  plant 
from  which  it  was  originally  drawn. 

EfTential  Oils  muft  be  rectified  in  the  balneum  maritfy  as 

ordered  in  the  procefs  :  for,  as  fome  of  the  Oil  touches  the 

fides  of  the  vefTel  in  the  operation,  if  that  veflel  be  made 

i  hotter 
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hotter  than  boiling  water,  the  thick  matter  will  rife  with  the 
thin  Oil,  which  therefore  will  not  be  rectified. 

Rectification  is  of  ufe  not  only  for  procuring  to  Effentiai 
Oils  the  tenuity  and  levity  they  may  have  loft  by  age,  but 
alfo  to  feparate  them  from  other  oily  matters  with  which  they 
may  be  adulterated.  If,  for  inftance,  an  Effentiai  Oil  be 
not  properly  diftilled  ;  if,  by  the  addition  of  too  much  Salt, 
the  water  have  acquired  a  degree  of  heat  greater  than  thatof 
pure  boiling  water,  and  if,  in  confequence  thereof,  fome  of 
the  heavy  Oil  of  the  plant  have  rifen  with  the  Effentiai  Oil, 
and  mixed  therewith,  the  Effentiai  Oil  may,  by  rectification, 
be  feparated  from  this  heterogeneous  Oil;  which,  being  hea- 
vier and  incapable  of  riling  with  the  heat  cf  pure  boiling  wa- 
ter, will  remain  at  the  bottom  of  the  veffeh 

The  effect  will  be  the  fame,  if  your  Effentiai  Oil  be  falfi- 
fied with  a  mixture  of  any  Fat  Oil,  as  is  often  the  cafe :  for, 
fome  of  them  being  extremely  dear,  the  vender  frequently 
adds  a  portion  of  Fat  Oil  to  increafe  the  quantity.  For  this 
purpofe  Oil  of  Ben  is  generally  ufed. 

When  an  Effentiai  Oil  is  thus  falfified  with  a  mixture  of 
any  Fat  Oil,  it  may  be  difcovered  by  letting  a  few  drops  of 
it  fall  into  rectified  Spirit  of  Wine  -9  which  will  diffolve  the 
Effentiai  Oil  only,  leaving  the  Fat  Oil  quite  untouched. 

Effentiai  Oils  are  fometimes  falfified  by  mixing  them  with 
a  certain  quantity  of  Spirit  of  Wine.  Ihis  fraud  doth  not 
render  their  fmell  lefs  fragrant :  on  the  contrary,  it  becomes 
rather  more  agreeable  and  quicker.  In  order  to  try  an  Oil 
fufpected  of  being  falfified  in  this  manner,  drop  a  little  of  it 
into  very  clear  water.  If  a  milky  cloud  appear  in  the  water, 
be  affured  the  Oil  is  mixed  with  Spirit  of  Wine :  for  as  this 
liquor  unites  more  readily  with  water  than  with  Oil,  it  quits 
the  Oil  with  which  it  was  mixed  to  incorporate  with  the  wa- 
ter:  mean  time  a  good  deal  of  the  Oil  that  was  diffolved  by 
the  Spirit  of  Wine,  and  is  now  feparated  from  it  by  the  in- 
tervention of  water,  neceffarily  remains  difperfed  through 
this  water  in  very  fmall  particles ;  and  thefe  form  the  milky 
cloud  produced  on  this  occafion. 

An  Effentiai  Oil  may  alfo  be  adultered  with  another  Ef- 
fentiai Oil  that  is  much  more  common,  and  of  much  lefs 
value.  Thofe  who  practife  this  fraud  generally  employ  Oil 
of  Turpentine  for  that  purpofe,  on  account  of  its  cheapnefs 
and  tenuity.  The  cheat  is  eafily  difcovered,  by  moiftening 
a  linen  rag  with  the  Oil  fuppofed  to  be  thus  falfified,  and 
then  holding  the  rag  a  little  before  the  fire,  which  piefently 
diffipates  the  odorous  part  of  the  falfified  Oil.     This  odour, 

3  H  which 
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■which  prevented  our  diftinguifhing  that  of  the  Oil  of  Tur- 
pentine, being  vanifhed,  the  peculiar  fmell  of  the  Turpen- 
tine, which  is  much  more  permanent,  remains  alone  j  and  is 
fo  perceptible  that  it  cannot  eafily  be  miitaken. 

Thofe  who  are  much  accuftomed  to  fee  and  examine  Ef- 
fential  Oils,  have  feldom  oceauon  to  make  the  experiments 
here  propofed  for  difcovering  their  qualities.  A  certain  de- 
gree of  thicknefs,  partaking  of  uncluofity,  in  an  EiTential 
Oil,  convinces  them  that  it  is  falfified  with  a  Fat  Oil :  on  the 
other  hand,  a  greater  degree  of  tenuity,  together  with  a 
quicker  fmell,  than  a  pure  EiTential  Oil  ought  to  have,  dis- 
covers the  admixture  of  Spirit  of  Wine.  Laftly,  any  one, 
•whofe  fenfe  of  Smelling  is  not  very  dull,  will  eafily  difcover 
the  odour  of  the  Oil  of  Turpentine,  though  difguifed  by  that 
of  the  EiTential  Oil  with  which  it  is  mixed. 


PROCESS    II.  - 

To  fire  Oils   by   combining  them  iviih  highly  concentrated 
Acids  :  injlanced  in  Oil  of  Turpentine. 

MIX  together,  in  a  glafs,  equal  parts  of  concentrated 
Oil  of  Vitriol,  and  highly  fmoking  frefh-drawn  Spi- 
rit of  Nitre  :  pour  this  mixture  at  feveral  times,  but  Sudden- 
ly, on  three  parts  of  Oil  of  Turpentine,  fet  for  that  purpofe 
in  a  glafs  bafon.  By  a  part  here  muft  be  underflood  a  dram 
at  leaft.  A  moft  violent  commotion,  accompanied  with 
fmoke,  will  immediately  be  raifed  in  the  liquors,  and  the 
whole  will  take  fire  in  an  inftant,  fame,  and  be  confumed. 

OBSERVATIONS. 

There  is  not  in  Chymiftry  a  phenomenon  more  extraor- 
dinary, and  more  furprifing,  than  the  firing  of  Oils  by  mix- 
ing them  with  Acids.  It  could  never  have  been  fufpe£t.ed 
that  a  mixture  of  two  cold  liquors  would  produce  a  fudden, 
violent,  bright,  and  lafting  flame,  like  that  wre  are  at  prefent 
confidering.  Beccher  gave  notice,  in  his  Phyfica  fubterra- 
nea,  that  highly  rectified  Spirit  of  Wine  would  be  fet  on  fire 
by  mixing  it  with  highly  concentrated  Oil  of  Vitriol. 

Afterwards  Borrichius,  a  Danifh  Chymifl,  publifhed  a 
procefs  for  kindling  Oil  of  Turpentine,  by  mixing  it  with  the 
Nitrous  Acid,  as  we  find  in  the  Philofopnical  Tranfactions 
of  Copenhagen  for  the  year  167 1.    Moft  Chymifts  have  fince 

tried 
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tried  to  repeat  thofe  experiments,  and  particularly  to  fire  the 
Oil  of  Turpentine  by  mixing  it  with  Oil  of  Vitriol,  or 
Spirit  of  Nitre;  but  to  no  purpofe,  when  they  made  ufe  of 
the  Oil  of  Vitriol,  till  Mr.  Homberg  told  us,  in  the  Me- 
moirs of  the  Academy  of  Sciences  for  1701,  that  he  had 
fired  Oil  of  Turpentine  by  mixing  it  with  Oil  of  Vitriol. 

To  make  the  experiment  fucceed  he  requires,  "  That  the 
u  Oil  of  Vitriol  be  dephlegmated  as  much  as  poffible,  and 
"  that  the  Oil  of  Turpentine  be  the  laft  that  comes  over  in 
"  diftillation,  which  is  thick  like  a  fyrop,  and  of  a  dark- 
"  brown  colour ;  for  that  which  is  white,  and  rifes  at  the 
"  beginning  of  the  diftillation,  never  takes  fire."  Thefe  are 
his  own  words  :  but  no  body  elfc  hath  ever  fucceeded  in 
making  the  experiment. 

Tournefort  had  fucceeded,  a  little  before  Homberg,  in 
Bring,  not  Oil  of  Turpentine  indeed,  in  which  he  always 
failed,  but  the  Oil  of  Safiafras,  by  mixing  it  with  an  equal 
quantity  of  well  dephlegmated  Spirit  of  Nitre.  Homberg 
came  afterwards,  as  appears  by  the  Memoirs  of  the  Academy 
for  the  year  1702,  to  fire  with  Spirit  of  Nitre  the  EfTential 
Oils  of  the  aromatic  plants  of  India;  and  in  1706  Mr.  Rou- 
viere  fired,  with  Spirit  of  Nitre,  the  empyreumatic  Oil  of 
Guaiacum.  While  this  Oil  of  Guaiacum  is  burning,  a 
porous  fpongy  body  rifes  from  the  midft  of  the  flame,  to  the 
height  of  about  two  feet  above  the  veflel. 

Laftly,  feveral  years  after  all  thefe  difcoveries,  MefTrs. 
Geofrroy  and  Hoffman,  the  one  at  Paris,  and  the  other  at 
Hall  in  Saxony,  found  a  way  to  fire  the  ./Ethereal  Oil  of 
Turpentine,  each  by  a  different  procefs ;  yet  agreeing  in  this, 
that  they  both  combined  the  Vitriolic  Acid  with  the  Nitrous, 
and  with  this  compound  Acid  fired  that  ^Ethereal  EfTential 
Oil,  which  is  one  of  the  thinned,  and,  probably  for  that 
very  reafon,  the  mod  unfit  to  produce  a  flame  with  Acids. 

The  molt  celebrated  Chy milts,  as  appears  from  this  {hort 
account,  have  employed  themfelves  in  firing  EfTential  Oils ; 
but  no  body  attempted  the  experiment  on  Fat  Oils.  It  was 
not  fo  much  as  fufpeclied  that  they  were  capable  of  taking  fire 
after  this  manner,  till  in  1745  I  read  before  the  Academy 
a  Memoir  on  Oils,  which  I  have  already  mentioned,  and  in 
which  I  exprefs  myfelf  thus  : 

u  I  put  two  ounces  and  a  half  of  Walnut  Oil  into  the 
"  bottom  part  of  a  broken  retort,  having  the  figure  of  a  cap, 
"  or  concave  hemifphere  ;  and  poured  thereon  two  ounces  of 
ii  fmoking  Spirit  of  Nitre.  It  was  fcarce  put  in  when  a 
"  coufiderable  ebullition  arofe,  with  a  very  thick  fmoke.    As 
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<c  I  found  it  continually  increafing,  and  very  faft  too,  I  re- 
«c  tired  a  little,  that  I  might  obferve  the  event  without  dan- 
"  ger.  This  caution  was  not  unnece.fiary  :  for  immediately 
««  the  whole  mixture  blew  up  as  high  as  the  cieli ng,  with  a 
*  noife  like  the  difcbarge  of  a  mufket.  Nothing  was  left  in 
«  the  veffel  but  a  black  matter,  which  (till  continued  to  boil 
€t  a  little  and  run  over,  and  at  laft  remained  very  rare, 
i(  fpungy,  and  as  full  of  holes  as  a  honeycomb :  its  confift- 
«  ence  alfo  was  fuch  that  it  did  not  flick  to  my  fingers 
«  when  I  handled  it. 

"  As  Mr.  Geoffroy,  who  firft  found  the  means  of  firing 
*f  the  natural  Balfams,  obferved  in  them  a  fimilar  explofion 
"  on  that  occafion,  it  appears  that  my  Oil  was  very  near 
«f  taking  fire  in  this  experiment :  which  makes  me  prefume 
"  that  we  may  at  lad  fucceed  in  firing  Fat  Oils  likewife,  and 
«  confcquently  all  others ;  feeing  thefe  have  always  been 
"  looked  upon  as  the  mod  unlikely  to  produce  that  pheno- 
ls menon.  I  imagine  that,  to  accomplifh  this,  nothing  more 
"  is  neceffary  than  to  make  ufe  of  fufficiently  great  quanti- 
V  ties,  and  to  order  it  fo  that  the  furfaces  of  the  liquors, 
i<  where  they  come  into  contact,  may  be  of  a  large  extent." 

Afterwards,  in  1747*  Mr.  Rouelle  read  before  the  Aca- 
demy a  Memoir  on  the  accenfion  of  Oils  by  Acids.  That 
Memoir  contains  a  great  number  of  curious  experiments,  and 
peculiar  manual  operations  defcribed  very  diftinctly,  from 
which  there  refults  a  general  method  of  firing  without  fail, 
not  only  EfTential  Oils,  but  even  any  Fat  Oil  whatever :  fo 
that  my  conjecture,  concerning  the  pofiibility  of  firing  thefe 
latter  Oils,  mentioned  in  my  above-cited  Memoir  of  1745* 
is  now  changed  into  a  certainty.  I  fhall  proceed  to  explain 
how  I  conceive  thefe  accenfions  are  brought  about,  and  en- 
deavour to  account  for  the  phenomenon  from  fuch  caufes  as 
to  me  feem  the  moft  probable. 

A  due  attention  to  the  phenomena  produced  by  mixing 
Oils  with  Acids  will  enable  us,  I  imagine,  to  difcover  the 
natural  caufe  why  the  Oils  take  fire.  It  is  certain,  and  de- 
monftrated  by  the  moft  decifive  experiments,  that  the  friction 
of  feveval  bodies  rubbing  again  ft  each  other  produces  heat; 
and  that  when  thefe  bodies  are  combuftible,  and  the  heat 
produced  by  their  friction  rifes  to  a  certain  degree,  they  take 
fire.  This,  in  my  opinion,  is  what  happens  to  Oils  when 
mixed  with  concentrated  Acids.  When  thefe  two  forts  of 
fubftances  rufh  into  union  with  rapidity,  as  in  the  experi- 
ments under  confideration,  there  muft  neceffarily  be  a  great 
friction  among  their  parts.     This  friction  produces  the  heat 
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obferved  at  the  time  of  their  union.  The  more  concentrated 
the  Acids  are,  with  the  greater  violence  and  rapidity  do  they 
a£t  upon  the  Oils,  and  the  greater  is  the  heat  raifed.  If  the 
Acids  be  concentrated  to  fuch  a  degree  as  to  produce,  by 
uniting  with  the  Oils,  a  heat  equal  to  that  of  an  ignited  bo- 
dy, the  combuftible  fubftanccs  that  are  expofed  to  it,  which 
in  this  cafe  are  Oils,  mud  needs  take  fire  and  flame. 

The  heat  produced  on  this  occafion  is  fo  great,  that,  even 
when  the  inflammation  doth  not  take  place,  if  you  touch  the 
furface  of  the  Oil  with  your  finger,  as  foon  as  the  Acid  hath 
had  its  effect,  you  will  find  it  burn  you  like  a  live  coal. 

Two  pieces  of  wood,  rapidly  and  violently  rubbed  againft 
each  other,  take  fire.  What  is  it  that  is  kindled  m  this 
cafe?  It  can  be  nothing  but  their  Oil :  for  they  contain  no 
other  comhuftible  principle.  "Why  doth  this  Oil  take  fire  ? 
I  do  not  think  it  poffible  to  aflign  any  reafon  for  it,  but  the 
heat  produced  by  the  friction  of  the  pieces  of  wood  contain- 
ing the  Oil.  If,  when  Oil  is  difperfed  in  a  body,  of  which 
it  is  only  one  component  principle,  and  confequentiy  mixed 
with  many  faline,  aqueous,  and  earthy  parts,  that  are  not 
inflammable,  but,  on  the  contrary,  make  the  Oil  lefs  fo,  the 
Oil  neverthelefs  takes  fire,  and  burns  when  agitated  by  a 
fufficient  degree  of  heat ;  why  fhall  not  this  very  Oil,  when 
feparated  from  the  mixt  of  which  it  made  a  part,  when  unit- 
ed into  one  diflincl:  mafs,  and  entirely,  or  almoff.  entirely, 
freed  from  the  heterogeneous,  incombuftible  parts  with  which 
it  was  combined,  and  confequentiy  now  more  inflammable 
than  before ;  why,  I  fay,  fhall  it  not  take  fire,  when  expofed 
to  a  degree  of  heat  equal,  or  rather  fuperior,  to  that  which 
is  produced  by  rubbing  two  pieces  of  wood  together  ? 

Let  us  now  examine  the  phenomena  produced  when  Oili 
are  fired  by  Acids,  all  the  circumftances  that  favour  or  hin- 
der their  accenfion,  and  fee  if  they  agree  with  the  explana- 
tion here  offered. 

Firfl,  no  fort  of  Oil  will  take  fire  with  any  Acid  whatever 
that  is  not  highly  concentrated;  for  weak  Acids  acl:  but  fee- 
bly on  Oils,  and  difiblve  them  flowly ;  fo  that  the  friction  is 
neither  quick  nor  violent,  and  confequentiy  produces  tea 
faint  a  heat,  far  below  the  degree  of  ignition. 

Secondly,  no  inflammation  is  produced  when  Acids  and 
Oils  are  mixed  in  too  fmall  quantities;  but  the  more  Acid 
and  Oil  you  mix  together,  the  greater  is  the  certainty  of  fuc- 
ceeding :  for  the  heat  is  exactly  in  proportion  to  the  fridlion 
that  produces  it ;  and  the  total  quantity,  or  amount,  of  this 
friction  is  (o  much  the  greater,  as  timers  are  more  particles 
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rubbing  againfl  each  other  at  the  fame  time.  So  that  if  a 
very  fmalJ  quantity  of  Acid  and  Oil  be  mixed  together,  there 
will  be  but  j  very  fmall  quantity  of  friction,  and  confequent- 
ly  a  very  fmall  quantity  of  heat;  and  in  that  cafe  no  inflam- 
mation. It  was  with  a  view  to  avoid  thefe  inconveniencies, 
and  to  procure  the  oppofite  advantages  in  as  great  a  degree 
as  pofTible,  that,  in  the  paflage  above  quoted  from  my  Me- 
moir of  Oils,  I  propofed  mixing  together  large  dofes  of  Acid 
and  of  Oil,  as  one  of  the  means  by  which  we  might  fucceed 
in  the  accenfion  of  Fat  Oils. 

Thirdly,  the  figure  of  the  velTel,  in  which  the  two  liquors 
are  mixed  together,  is  not  a  matter  of  indifference.  A  wide- 
fpreading  velTel,  of  a  large  diameter  with  refpect  to  the  quan- 
tity of  liquor  it  is  to  contain,  favours  the  inflammation 
much  more  than  one  of  a  fmall  diameter.  Nay,  it  may  not 
fucceed  at  all  in  too  narrow  a  veffcl,  though  all  other  cir- 
cumftances  be  properly  attended  to. 

The  reafon  of  this  is,  that  the  activity  of  heat  produced 
by  friction  is  not  in  proportion  to  the  fucceiiive,  but  to  the 
fimultaneous  frictions  :  for  the  heat  actually  produced  by  the 
frictions  of  an  hundred  particles,  rubbing  fucceffively  againfl: 
each  other,  with  intervals  fuiHcient  to  let  the  heat  go  off,  al- 
moft  as  fall:  as  it  is  generated,  would  be  equal  to  the  friction 
of  a  fingle  particle  only ;  whereas  the  heat  actually  produced 
by  the  friction  of  the  fame  number  of  particles,  all  rubbing 
againfl  each  other  at  the  fame  inftant,  would  be  equal  to  the 
frictions  of  all  the  particles  taken  together,  and  confequently 
an  hundred  times  more  active  than  the  other  *.  This  being 
laid  down,  it  is  eafy  to  conceive  how  a  large  veffel  favours 
the  accenfion  more  than  a  fmall  one.  It  is  certain  that  two 
liquors  which  mutually  prefent  large  furfaces  to  each  other, 
at  the  inftant  of  their  being  mixed  together,  touch  each  other 
at  one  and  the  fame  time  in  a  much  greater  number  of  points, 
than  if  each  had  but  a  fmall  furface ;  and  confequently  that 
they  mull:  unite  much  fconer,  and  wTith  greater  rapidity,  in 
the  former  cafe  than  in  the  latter. 


*  I  believe  this  propofuion  is  not  (triply  true  :  for  it  appears  to  me,  that, 
in  order  to  make  the  heat,  produced  by  the  fimultaneous  frictions  of  an  hun- 
dred particles,  an  hundred  times  more  active  than  that  produced  by  the  fuc- 
eeffive  frictions  of  the  fame  number  of  particles,  it  is  ttetfeiikry  that  the  fimul- 
taneous frictions  mould  act  all  together  in  one  p£;nt  or  center,;  which  is  im- 
poflible.  But,  as  the  particles  that  rub  againfl:  each  other,' in  the  prefent  cafe, 
are  very  near  and  contiguous,  it  is  ft  ill  true  that  thre  heat,  refusing  from  their 
fimultaneous  frictions,  is  much  more  active  than  that  produced  by  fucceiiive 
fricfions  only  :  which  is  lumcient  for  our  prefent  purpcie. 

With 
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With  fhefe  views,  and  in  order  to  give  the  liquors  this  ad- 
vantageous difpofition,  I  recommended  it  as  what  would 
greatly  promote  the  inflammation  of  Fat  Oils,  to  order  the 
liquors  fo,  that,  at  the  moment  of  their  mixture,  a  large  fur- 
face  of  each  might  come  into  contact  with  the  other. 

Fourthly,  if  we  refie£fc-on  the  experiments  hitherto  made 
for  kindling  Oils  by  Acids,  we  fhall  eafily  be  convinced  that 
all  Oils  are  not  equally  apt  to  be  fired  •,  and  that  light,  aethe- 
real,  very  thin,  Effentiai  Oils  do  not  produce  this  phenome- 
non fo  readily  and  fo  furely,  as  thofc  of  the  fame  kind  that 
are  heavy  and  thick,  or  at  leaft  foon  grow  thick  upon  being 
mixed  with  Acids. 

Mr.  Homberg  fays  pofitively  in  the  above-cited  paffage  of 
his  Memoir,  that  he  never  could  fucceed  in  fetting  fire  with 
the  Acid  of  Vitriol  to  the  white,  aethereal  Oil  of  Turpen- 
tine ;  that  is,  to  the  lighteft  which  comes  over  firft  in  diftil- 
lation;  but  that  the  very  fame  Acid  fet  fire  to  "  that  which 
"  comes  over  laft  in  diftiliation,  which  is  thick  like  a  fyrop, 
«  and  of  a  dark-brown  colour." 

All  the  experiments  by  which  Oils  have  been  fired,  from 
thofe  of  Beccher  and  Borrichius  down  to  thofe  of  Geoffroy 
and  HofTman,  were  made  on  the  Effentiai  Oils  of  the  aro- 
matic plants  of  India,  which  are  the  heavieft  we  know,  and 
on  the  empyreumatic  Oil  of  Guaiacum,  which,  befides  being 
very  ponderous,  is  alfo  very  thick. 

Now  thefe  fingular  effects  likewife  agree  perfectly  well 
with  our  explanation.  It  is  certain  that  the  parts  of  a  heavy 
fluid  do  not  yield  to  any  impulfe  or  fhock,  fo  eafily  as  thofe 
of  a  lighter  fluid;  juft  as  the  parts  of  a  thick,  vifcous  fluid 
•undoubtedly  refift  any  attempt  to  feparate  them,  fo  much  the 
more  the  nearer  the  confidence  of  that  fluid  is  to  folidity,  or 
the  further  it  is  removed  from  the  ftate  of  fluidity.  Now, 
the  more  refiftance  the  Acid  meets  with  in  feparating  and 
dividing  the  parts  of  the  Oil,  as  it  muft  do  to  diffolve  them, 
the  more  considerable  will  be  the  force  and  motion  with 
which  it  muft  neceffarily  acl;  to  furmount  thofe  obftacles.j 
befides,  as  experience  teaches  us  that  the  denfity  and  vifcidi- 
ty  of  the  Oils  do  not,  at  leaft  to  fenfe,  diminifti  the  quick- 
•nefs  and  activity  which  the  Acid  exerts  in  uniting  with 
them  •,  the  greater  therefore  muft  be  the  collifions,  frictions, 
and  heat  produced  :  and  this  plainly  {hews  why  heavy,  thick 
Oils  take  fire,  in  this  cafe,  more  readily  than  thofe  which 
are  fluid  and  light. 

It  may  here  be  objected,  that  Fat  Oils,  which  are  thicker 
and  heavier  than  the  light  Effentiai  Oils,  take  fire  neverthe- 

lefs 
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lefs  with  greater  difficulty.  This  objection  is  eafily  anfwer* 
ed,  by  obferving,  that  when  we  fay  Acids  fire  heavy  thick 
Oils  with  more  eafe  than  thin  light  Oils,  this  pofition  mult 
be  reftricted  to  Oils  of  the  fame  kind,  on  which  Acids 
have  an  equal,  or  nearly  equal,  action  j  that  is,  to  fuch  Oils 
as  differ  from  each  other  in  no  other  refpe£t  but  their  thick- 
nefs  and  weight. 

For  example,  Mr.  Homberg,  who  'could  by  no  means  fet 
fire,  with  Oil  of  Vitriol,  to  the  Oil  that  rifes  firft  in  the  di- 
ftillation  of  Turpentine,  found  that  the  fame  Acid  would 
fire  the  Oil  that  comes  laft  over :  and  therefore  it  is  reafon- 
abie  to  attribute  his  fuccefs,  in  firing  this  laft  Oil,  to  its  be- 
ing thicker  and  heavier  than  the  former ;  feeing  thefe  two 
Oils  are  in  other  refpecls  of  the  fame  nature ;  that  Acids 
have  an  equal  action  on  both  ;  and  that  they  differ  from  each 
other  only  in  the  qualities  fpecified  above. 

But  it  is  evident,  that,  if  the  Oils  compared  together  be 
of  different  kinds,  and  differ  from  each  other,  not  only  in 
weight  and  thicknefs,  but  alfo  by  containing  different  prin- 
ciples,, or,  at  leaft,  the  fame  principles  combined  differently, 
and  in  different  proportions,  the  action  of  any  Acid  on  thofe 
Oils  muft  alfo  be  different;  and  that  regard  muft  be  had 
thereto  in  determining  their  degrees  of  inflammability. 

Now  all  this  is  applicable  to  Fat  Oils,  when  compared 
with  light  Effential  Oils,  in  point  of  inflammability.  If  all 
thefe  Oils  were  of  the  fame  nature,  and  differed  from  each 
other  in  weight  and  thicknefs  only,  the  objection  drawn  from 
Fat  Oils,  which  though  thicker  than  Effential  Oils  do  not 
take  fire  fo  eafily,  would  be  a  very  good  one,  and  fa£t  would 
be  againft  our  reafoning.  But  this  is  far  from  being  the 
cafe :  the  properties,  as  well  as  the  analyfis,  of  Fat  Oils  mew 
their  nature  to  be  very  different  from  that  of  Effential  Oils ; 
that  there  is  more  water  in  their  composition ;  and  that  they 
are  full  of  a  mucilaginous  or  gummy  principle,  which  muft 
greatly  obftru£t  their  inflammability,  and  the  action  of  Acids 
upon  them. 

None  of  the  effects,  therefore,  that  attend  the  firing  of  Oils 
with  Acids,  is  repugnant  to  our  way  of  accounting  for  the 
phenomenon,  which  is  one  of  the  moft  beautiful  in  all  Na- 
tural Philofophy.  To  conclude  this  important  fubjecl,  no- 
thing now  remains  but  to  confider  the  effects  produced  by 
the  Vitriolic  Acid  in  thefe  accenfions. 

This  Acid,  though  of  a  ftronger  nature,  and  capable  of 
being  more  highly  concentrated  than  the  Nitrous  Acid,  feems 
ho w ever  lefs  qualified  to  produce  a  flame  with  Oils.     Indeed 

Mr. 
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Mr.  Horhberg  fired  Oil  of  Turpentine  by  mixing  it  with  Oil 
of  Vitriol  :  but  I  do  not  know  that  the  experiment  hath  fuc- 
ceeded  with  any  other  Chymift;  on  the  contrary,  mod  of 
thofe  who  have  tried  it  affirm,  that  they  never  could  fire  any 
Oil  with  that  Acid  alone. 

Oils  are  probably  in  the  fame  cafe  as  metallic  fubftances* 
with  regard  to  thefe  two  Acids.  We  know  that  the  Nitrous 
Acid  diflblves  thofe  fubftances  with  vaftly  more  activity  and 
Violence  than  the  Vitriolic  Acid  exerts  upon  them  ;  which 
may  depend,  either  on  the  difpofition  and  configuration  of 
their  parts,  or  on  the  portion  of  phlogifton  which,  according 
to  the  opinion  of  moft  Cliymffts,  is  united  with  the  Nitrous 
Acid,  is  its  peculiar  characteriftic,  and  the  caufe  of  the  great 
Vivacity  with  which  it  diilblves  almoft  all  matters  that  con- 
tain the  phlogifton. 

I  fay  almoft  all  matters  that  contain  the  phlogifton ;  be- 
caufe  there  are  fome  fubftances  that  contain  a  great  deal 
thereof,  and  yet  are  not  at  all  acted  on  by  the  pure  Nitrous 
Acid.  Thefe  fubftances  are  matters  perfectly  charred  :  that 
is,  fuch  as  are  capable  of  enduring  the  greateft  violence  of 
fire  in  clofe  veffels,  without  yielding  a  fingje  atom  of  Oil ; 
that  burn  almoft  quite  away,  yet  only  grow  red- hot  without: 
flaming;  or  at  lead  produce  but  a  very  fmall,  flight  flame, 
from  which  it  is- impolTible  to  obtain  the  leaft  particle  of  foct 
or  fuliginofity  •,  in  a  word,  that  contain  an  inflammable  mat- 
ter, but  fuch  as  is  fit  to  be  an  ingredient  in  the  composition 
of  metallic  fubftances,  to  which  the  peculiar  title  of  the 
Phlogifton  is  appropriated. 

I  fay,  then,  that  if  the  Nitrous  Acid  be  poured  on  a  mere 
coal,  perfectly  charred,  it  is  impoffible  for  the  Acid,  be  it 
ever  fo  highly  concentrated,  to  fet  the  cOal  on  fire,  though 
heated  before  to  the  greateft  degree  that  it  can  poftibly  admit 
of  without  kindling;  and,  which  is  ftill  more  remarkable,  if 
a  live  coal  be  plunged  into  the  molt  highly  fmoking  Spirit  o£ 
Nitre,  it  will  be  extinguished  as  if  dipt  in  pure  water. 

But  to  return  to  the  Vitriolic  Acid  :  it  is  lingular  enough 
that  this  Acid,  which  attacks  Oils  with  lefs  activity,  and  for 
that  reafon  feems  lefs  fit  to  fet  them  on  fire,  than  the  Nitrous 
Acid,  yet  greatly  promotes  their  accenfion,  when  mixed  with 
that  very  Acid.  This  may  be  owing  to  its  rendering  the 
Oils  with  which  it  mixes  heavier  and  thicker;  or  elfe,  as 
Mr.  Rouelle  conjectures  with  great  probability,  being  more 
concentrated  than  the  Nitrous  Acid,  and  having  a  greater 
affinity  with  water,  it  dephlegmates  the  other,  and  thereby 
increases  its  activity;  or,  iaftly,  this   may  arife  from  fome 

3  I  other 
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other  caufe  yet  unknown  to  us,  and  perhaps  from  that  by 
"which  the  Acids  of  Nitre  and  of  Sea-falt,  which,  when  fepa- 
rate  and  perfectly  pure,  can  neither  of  them  diffolve  Gold, 
are  enabled)  when  combined  together,  to  make  a  perfect  fo- 
lution  of  that  metal. 


PROCESS     III. 

To  combine  Ejfential  Oils  with  Mineral  Sulphur.     Balfam  of 
Sulphur.      This  Compofition  decompounded. 

PUT  into  a  matrafs  one  part  of  Flowers  of  Sulphur; 
pour  on  them  fix  parts  of  the  EfTential  Oil  of  Turpen- 
tine, for  infbnce;  fet  the  matrafs  in  a  fand-bath,  and  heat 
ft  gradually  till  the  Oil  boil.  The  Sulphur,  which  at  firft 
lay  at  the  bottom  of  the  matrafs,  will  begin  to  melt,  and  ap- 
pear to  diffolve  In  the  Oil.  When  it  hath  boiled  in  this 
manner  for  about  an  hour,  take  the  matrafs  from  the  fire,, 
and  let  the  liquor  cool.  A  great  deal  of  the  Sulphur  that 
was  diflblved  therein  will  feparate  from  it  as  it  cools,  and 
fall  to  the  bottom  of  the  veffel  in  the  form  of  needles,  much. 
like  a  Salt  (hooting  in  water. 

When  the  liquor  is  perfectly  cold,  decant  it  from  the  Sul- 
phur that  lies  at  the  bottom  of  the  veffel :  to  that  Sulphur 
put  frefh  Oil  of  Turpentine,  and  proceed  as  before:  the  Sul- 
phur will  again  difappear,  and  be  diflblved  in  the  Oil :  but 
when  the  mixture  is  cold,  you  will  find  new  cryftals  of  Sul- 
phur depofited  at  the  bottom.  Decant  once  more  this  Oil 
from  the  cryftals,  and  pour  on  frefh  Oil  to  difTolve  them  : 
continue  the  fame  method,  and  you  will  find  that  about  fix- 
teen  parts  of  EfTentral  Oil  are  required  to  keep  one  part  of 
Sulphur  ciiffolved  when  cold.  This  combination  is  called 
Balfamvm  Sulphuris  Terebinthinaium^  if  made  with  Oil  of 
Turpentine  j  Anifaiwtiy  if  with  Oil  of  Anife-feedsj  and  io 
of  others. 

OBSERVATIONS. 

Essential  Oils  do  not  difTolve  Sulphur,  in  fuch  quan- 
tities, and  with  io  much  eafe,  as  Fat  Oils  do.  It  was  (hewn 
above,  rhat  a  Fat  Oil  is  capable  of  keeping  a  confiderable 
quantity  of  Sulphur  in  folution  ;  whereas  no  lefs  than  fixteen 
parts  of  Eflentjal  Oil  are  required  to  diffolve  one  part  only  of 
aolphur,  as  in  this  procefs. 

The 
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The  property  which  Sulphur  hath  of  feparating,  in  part, 
from  the  EfTential  Oil  in  which  it  is  diftblved,  and  falling  to 
the  bottom  of  the  veffel  in  the  form  of  cryftals,  as  the  Oil 
cools,  proves  that  it  is  a  kind  of  Neutral  Salt,  which,  being 
infoluble  in  water,  becaufe  of  the  great  quantity  of  inflarrjpa* 
ble  matter  that  ferves  it  for  a  bafis,  is  not  to  be  difTolved  but 
by  fubftances  that  actually  contain  themfelves  a  great  deal  of 
inflammable  matter;  fuch  as  Oils  and  Metallic  fubftanc  -. 

Though  the  latter  are  aim  oft  always  folid,  it  nevertr.  >fs 
unites  with  feveral  of  them  into  regular  forms,  fefembiinjg 
faline  cryftals  in  every  thing  but  peljucidity;  as  appears,  for 
example,  in  feveral  Pyrites,  Antimony,  and  fome  other  ful- 
phureous  minerals.  But  when  it  is  diflblved  in  Oils,  efpe- 
cially  in  fuch  as  are  capable  of  keeping  but  a  fmall  quantity 
thereof  in  folution,  and  confequently  drop  a  good  deal  of  it 
as  they  cool,  it  is  precifely  in  the  cafe  of  one  of  thofe  Salts 
whereof  hot  water  diiTolves  more' than  cold;  that  is,  the  Oil, 
that  is  faturated  with  as  much  Sulphur  as  it  can  poliibly  take 
up  when  boiling  hot,  lets  fome  part  thereof  precipitate  as  it 
cools ;  while  the  Sulphur  thus  feparated  from  the  Oil  unites 
into  little  glebes  of  a  regular  figure,  and  actually  cryitallizes; 
in  the  fame  manner  as  Nitre,  when  boiling  water  hath  dif- 
folved  as  much  thereof  as  it  can  poilibly  take  up,  partly  fepa- 
rates  from  it  when  it  cools,  and  fails  to  the  bottom  of  the 
veiTel  in  fmall  cryftalline  molecula,  of  the  form  peculiar  to 
that  Salt. 

Mr.  Romberg  made  fome  very  curious  experiments  on 
this  combination  of  Sulphur  with  an  EfTential  Oil.  In  the 
Memoirs  of  the  Academy  he  gives  the  following  analyfis 
thereof. 

"  Put  your  Sulphur  difTolved  by  Oil  of  Turpentine  into 
C{  a  pretty  large  retort,  becaufe  the  matter  puffs  up  towards 
"  the  end,  and  diftil  with  a  very  gentle  heat  for  twelve  or 
"  fifteen  days  and  nights.  There  will  come  over  about  cwo 
"  thirds  of  the  quantity  of  a  colourlefs  Oil  of  Turpentine, 
"  and  at  the  fame  time  a  pretty  confiderable  quantity  of  3 
"  whitiih  ponderous  water,  as  acid  as  good  Spirit  of  Vitriol. 
**  After  this,  the  drops  of  Oil  that  come  off  will  begin  to 
"  be  red.  Then  change  your  receiver,  and  increafe  the  fire 
u  gradually,  and  in  feven  or  eight  hours  time,  with  a  veiy 
"  great  heat,  force  off  all  that  will  rife,  ufing  a  glafs  retort 
"  for  your  recipient.  At  laft,  mod  of  the  Oil  will  come 
M  over  into  the  receiver  very  thick  and  high-coloured,  ftiil 
"  accompanied  with  a  whitiih  and  very  acid  water.  In  the 
«  retort  will  be  left  a  black  caput  mortuum,  fpor.gy,  or  fo- 

3  I  Z  '  "  hated* 
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"   Hated,  fhining,  and  fofipid This  coput  mcrtuum 

"  n-.ither  grows  white,  nor  f]ames,  nor  waftes  confiderably 
"   in  a  ftrong  lire. 

'<  }  he  rr»attpr  that  comes  over  into  the  receiver  muft  be 
«  diftiiled  again,  with  a  very  gentle  heat  continued  for  feve- 
"  ral  days  and  nights,  in  order  to  feparate  once  more  the 
"  colourlefs  Oil  and  the  remaining  acid  water,  till  the  Oil 
<<  begin  to  come  off  red.  Then  take  the  retort  from  the  fire, 
<*  and  on  the  black  gummy  matter  left  in  it  pour  good  Spi- 
"  rit  of  Wine  ;  mix  the  whole  well  together,  and  diftii 
*.»  with  a  very  gentle  heat.  When  this  Spirit  of  Wine  is 
<;  come  off,  pour  fome  freih  on  the  black  gum  left  in  the  re- 
W  tort,  and  diftii  as  before.  Repeat  this  till  the  Spirit  of 
«<  Wine  ceafe  to  have  a  bad  fmell.'* 

.  There  is  great  reafon  to  believe,  that,  by  the  union  which 
the  Sulphur  contracts  with  the  Oil,  the  cohefion  of  the  Acid 
and  the  Phlogifton,  which  conftitute  that  mineral,  is  conhdeiv 
ably  weakened  ;  and  that  this  is  what  occasions  the  decom- 
position of  the  Sulphur  fo  manifeft  in  Mr.  Romberg's  analy* 
iis.  The  inflammable  matter  of  the  Sulphur  is  fo  incorpo- 
rated with  that  of  the  Oil  in  the  folution,  that  they  form  to- 
gether one  homogeneous  whole ;  by  which  means  the  Acid 
of  the  Sulphur,  which  is  cf  eorurfe  diiperied  through  the 
whole  liquor,  is  not  now  combined  with  the  Phlogifton,  as 
it  was  in  the  Sulphur  before  it  was  blended  with  the  Oil; 
that  is,  with  the  ,pure  Phlogifton  ;  but  with  that  Phlogifton 
which  conftitutes  the  oily  mixture,  or,  which  is  the  fame 
thing,  with  aclual  Oil.  And  this  is  the  reafon  that  a  com- 
position of  Oil  and  Sulphur  yields,  in  diftih/tion,  nearly  the 
fame  principles  that  a  combination  cf  the  fame  Oil  wtch  the 
Vitriolic  Acid  would  yield. 

We  have  already  feen,  under  the  head  of  Fat  Oils,  that 
when  Oils  are  combined  with  Acids,  if  this  combination  be 
again  decompounded  by  diftillation,  thole  two  fubftances 
cannot  be  obtained  in  their  original  ftate ;  but  that  they  are 
changed  and  partly  decompofed.  The  cafe  is  the  fame  in  the 
experiment  before  us.  We  firft  get,  by  diftillation,  a  pretty 
considerable  quantity  of  Oil  of  Turpentine,  that  feems  to 
have  fiiffered  no  change  at  all.  This  firft  Oil  is  that  which 
the  action  of  fire  feparates  from  the  Acid;  and  this  it  efrecTts 
with  fo  much  the  more  eafe,  that,  a  great  quantity  thereof 
having  been  neceiTaril.y  ufed  to  diffoive  a  little  Sulphur,  it 
greatly  exceeds  the  quantity  of  Acid  in  the  mixture,  and 
that  the  diftillation  is  ordered  to  be  made  with  a  very  weak 
Jegree  of  heat:  for  IVI.  Romberg  fays,  it  ought  to  be  conti- 
nued 
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nued  twelve  or  fifteen  days  and  nights  Now  this  rtiahner  c€ 
diftiJling,  with  a  very  gentle  hseat,  is  the  molt  effe&ual  means 
of  feparating  Oils,  especially  light  Eflential  Oils,  from  Acids; 
becaufe  thefe  Oils  rife  in  distillation  with  very  little  (flat ; 
whereas  the  Acids,  being  much  more  ponderous,  require  a 
great  deal  more. 

The  Oil  that  rifes  firft  in  distillation,  appears  indeed  to  he 
the  fame  with  that  which  was  originally  ufed  in  the  mixture ; 
but  the  quantity  is  much  fmaller:  firft,  becaufe  fome  part  of 
it,  being  combined  with  the  Acid  of  the  Sulphur,  is  thereby- 
rendered  thick  and  heavy,  which  hinders  it  from  riling  in 
this  firft  difrillation  with  a  very  gentle  heat,  and  is  the  reafon 
that  it  cannot  be  elevated  without  a  much  ftronger  degree  of 
fire.  It  is  this  part  that  afterward  comes  over  in  the  form  of 
a  red  liquor  upon  ihcreafing  the  fire. 

The  fecond  caufe  why  the  quantity  of  Oil  is  lefTened,  is7, 
that  part  of  it  is  deecmpofed  irt-the  operation,  This  decom* 
pofed  part  of  the  Oil  furnrfhes  that  confiderable  quantity  of 
water  which  afcends  at  the  fame  time  with  the  Oil,  or  a  lit- 
tle after  it,  and  ferves  for  a  vehicle  to  the  Acid  that  rifes 
with  it  in  this  firfc  diftillation ;  which  Acid,  though  pretty 
flrong,  is  now  much  more  loaded  with  water  than  when  it 
was  an  ingredient  in  the  combination  of  Sulphur.  This  a- 
cid  water  is  of  a  milky  white  colour,  becaufe  many  oily  par- 
ticles are  fufpended  and  diiTufed  in  it,  but  not  perfectly  dif- 
folved. 

The  caput  moriuum  that  is  left  in  the  retort,  after  all  the 
red  thick  Oil  is  driven  up  by  a  very  ftrong  degree  of  fire,  is 
a  fort  of  charred  matter,  confining  of  feme  of  the  earth  of 
the  Sulphur,  and  of  the  decompofed  Oil,  united  with  a  phlo- 
gifton,  which  is  probably  furniihed  by  both  thefe  fubftances. 
This  matter  contains  alio  a  little  Acid  fixed  with  it.  This 
Acid  reproduces  Sulphur,  or  at  leaft  becomes  fulpbureous, 
and  flies  off  in  vapours,  when  the  coal  is  urged  by  a  violent 
forge-heat :  for  Mr.  Romberg  obferved,  that  by  this  means  it 
exhaled  an  odour  of  Sulphur,  and  loft  in  weight. 

This  charred  matter  is  of  a  lingular  nature  :  for,  by  being 
expo  fed  to  a  forge-heat,  and  even  to  the  heat  in  the  focus  of 
a  burning  glafs,  it  feemed  to  fuffer  no  other  change  than 
fome  lofs  of  weight,  cceafioned  by  the  evaporation  of  the 
acid  effluvia  carried  off  by  the  heat ;  for  it  ftill  retained  its 
black  colour,  and  was  neither  confumed  r.or  vitrified.  In 
order  to  melt  it,  Mr.  Homberg  was  forced  to  mix  it  with 
Borax.  This  Salt  converted  it  into  a  glafs  of  a  dark-grey 
Colour :  and,  as  there  appeared  a  little  verdegris  on  the  fur- 

face 
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face  of  this  glafs  after  keeping  it  in  a  moid  place,  he  there- 
i  nd  that  the  Sulphur  he  had  ufed  contained  a  little 
(Copper* 

know  that  the  earth  of  Copper  is  refractory,  and  that 
it  communicates  a  dark  colour  to  matters  vitrified  along  with 
it :  and  perhaps  it  was  the  caufe  why  the  fixed  matter  in 
queiticn  retained  its  blackifh  joiour  fo  obftinately,  notwith- 
standing the  phlogifton  that  muft  have  been  in  it  at  firft  was, 
in  all  probability*  confumed  by  the  violent  ignitions  it  un- 
derwent. 

As  to  the  thick  oily  matter,  called  gummy  by  Mr.  Rom- 
berg, from  which  he  directs  Spirit  of  Wine  to  be  repeatedly 
diftilled,  till  it  ceafe  to  have  a  difagreeable  fmell,  there  is 
great  reafon  for  thinking  it  to  be,  as  we  faid  before,  a  por 
tion  of  the  Oil  which  the  Acid  hath  rendered  thick  and  hea- 
vy. The  Spirit  of  Wine  difiblves  and  carries  up  the  molt  a- 
cid  part,  which  always  hath  a  disagreeable  fmell. 

Mr.  Horn  berg  fays,  that  u  the  part  remaining  after  this, 
"  which  ,he  ca{ls  the  Gum  of  common  Sulphur^  hath  a  plea- 
"  fant  balfamic  odour;  that  it  partly  diiToives  in  Spirit  of 
«  Wine,  a  hard  reilnous  matter  being  left,  which  will  not 
"  diflblve,  either  in  Spirit  of  Wine,  or  in  the  ftrongeft  lixi- 
"  vium."  Of  confequence,  therefore,  it  is  neither  a  refi- 
nous  matter  nor  a  iulphur ;  "  yet  it  diiToives  perfectly  in  di- 
«  {filled  Oils."  What  then  is  this  lingular  body?  It  is  cer- 
tainly a  fubjecl:  for  very  curious  inquiries.  In  general,  Mr. 
Homberg's  whole  procefs  is  full  of  interefling  futxs,  and  well 
deferves  to  be  repeated,  carried  further,  and  carefully  attend- 
ed to. 


PROCESS     IV. 

To  combine  Ejfential  Oils   with  Fixed  Alkalis.      Starkey's 

Soap. 

TAKE  Salt  of  Tartar,  or  any  other  Alkali,  thoroughly 
calcined.  Heat  it  in  a  crucible  till  it  be  red,  and  in 
that  condition  throw  it  into  a  hot  iron  mortar :  rub  it  quick- 
ly with  a  very  hot  iron  peftle-,  and  as  fcon  as  it  is  powdered 
pour  on  it,  little  by  little,  nearly  an  equal  quantity  of  Oil 
of  Turpentine.  The  Oil  will  enter  into  the  Salt,  and  unite 
intimately  with  it,  fo  as  to  form  a  hard  pafte.  Continue 
rubbing  this  compofition  with  the  peftle,  in  order  to  complete 
the  union  of  the  two  fubftances  j  and,  as  your  Oil  of  Tur- 
pentine. 
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pentine  difappears,  add  more,  which  will  unite  in  the  fame 
manner,  and  give  a  fofter  conliftence  to  the  foapy  mafs.  You 
may  add  dill  more  Oil,  according  to  the  confidence  you  in- 
tend to  give  your  Soap. 

OBSERVATIONS. 

Essential  Oils  do  not  unite  near  fo  eafily  as  Fat  Oils 
with  Alkalis.  For  this  reafon,  to  make  a  Soap  with  an  Ef- 
fential  Oil,  we  mud  take  a  method  different  from  that  ufed 
in  common  foaperies.  For  if  an  EiTential  Oil  be  fubdituted 
for  the  Fat  Oil,  in  the  ordinary  way  of  making  Soap,  far 
from  combining  with  the  alkaline  lixivium,  though  ever  fo 
ftrong,  it  will  be  wholly  diffipated  and  vanim :  fo  that,  after 
boiling  fome  time,  you  will  find  nothing  but  the  lye,  jud  as 
when  firft  put  in,  only  a  little  more  concentrated. 

The  water,  in  which  the  Alkali  is  difiblved  when  in  the 
form  of  a  lye,  is  the  principal  thing  that  hinders  the  Salt 
from  uniting  with  the  EiTential  Oil.  Water  is  fuch  an  ene- 
my to  this  union,  that,  if  the  Alkali  be  ever  fo  little  moid, 
the  operation  will  not  fucceed ;  even  though  all  the  other 
precautions  mentioned  in  the  procefs  mould  be  exactly  ob- 
ferved. 

In  order,  therefore,  to  free  the  Alkali  from  all  humidity, 
it  is  neceffary  to  begin  with  making  it  red-hot ;  and  then, 
that  this  Salt,  which  is  very  greedy  of  moidure,  may  not 
imbibe  any  from  the  air,  before  it  be  mixed  with  the  EiTen- 
tial Oil,  it  mud  not  be  fuffered  to  cool;  but  the  mixture 
mud  be  made  in  a  hot  veffel,  as  foon  as  the  Salt  is  redu- 
ced to  powder.  When  every  particle  of  the  Salt  is  once  co- 
vered with  Oil,  you  need  not  fear  its  attracting  any  moi- 
dure, at  lead  very  quickly,  becaufe  the  Oil  oppofes  its  ad- 
midion. 

Starkey,  the  fird  Chymift  who  found  the  means  of  making 
Soap  with  an  EiTential  Oil,  and  by  whofe  name  this  kind  of 
Soap  is  therefore  called,  made  ufe  of  a  much  more  tedious' 
method  than  that  propofed  in  our  procefs.  He  began  with 
mixing  a  very  fmall  quantity  of  Oil  with  this  Salt,  and  wait- 
ed till  all  the  Oil  united  therewith  of  its  own  accord,  fo  as 
to  difappear  entirely,  before  he  added  any  more  *,  and  thus 
protracted  his  operation  exceedingly,  though  in  the  main  it 
was  the  fame  with  ours.  The  method  here  propofed  is  more 
expeditious,  and  was  invented  by  Dr.  Geoffroy. 

Starkey's  Soap  diiiblves  in  water  much  as  common  Sor.p 
Joes,  without  any  feparation  of  the  Oil :    and  by  this  mark 

it 
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it  is  known  to  be  well  made.  It  may  aifo  be  decompounded, 
either  by  difiiilation,  or  by  mixing  it  with  an  Acid:  and  its 
decompofition,  in  either  of  thefe  ways,  is  attended  with 
nearly  the  fame  phenomena  as  the  decompofnion  of  common 
Soap. 


CHAP.       VI. 

Of  the   Substances    obtained  from   Vegetables   by 

Means  5/^  graduated  heat,  from  that  of  boiling 
Waier^  to  the  ftrongejl  that  can  be  abplied  to  them  in  clofe 
FeJ/els. 


PROCESS     I. 

To  analyze  Vegetable  Subflances  that  yield  neither  a  Fat  nor 
an  Effential  Oil.     lnjlanced  in  Guaiacum-Wood. 

TAKE  thin  fhavings  of  Guaiacum-wood,  and  put  them 
into  a  glafs  or  (tone  retort,  leaving  one  half  thereof 
empty.  Set  your  retort  in  a  reverberating  furnace,  and  lute 
on  a  large  glafs  receiver  having  a  fmall  hole  drilled  in  it ; 
fuch  as  is  ufed  for  diflilling  the  Mineral  Acids.  Put  a  live 
coal  or  two  in  the  furnace,  to  warm  the  veiTels  gently  and 
fiowly. 

With  a  degree  of  heat  below  that  of  boiling  water,  yon 
will  fee  drops  of  a  clear  infipid  phlegm  fall  into  the  receiver. 
If  you  raife  the  fire  a  little,  this  water  will  come  fiightly  a- 
cid,  and  begin  to  have  a  pungent  fmell.  With  a  d<gree  of 
fire  fomewhat  flronger,  a  water  will  .continue  to  rife  which 
will  be  frail  more  acid,  fmell  flronger,  and  become  yeliowi fn. 
When  the  heat  comes  to  exceed  that  of  boiling  water,  the 
phlegm  that  rifes  will  be  very  acid,  high  coloured,  have  a 
flrong  pungent  fmell,  like  that  of  matters  long  fmoked  with 
wood  in  a  chimney,  and  will  be  accompanied  with  a  red* 
light  Oil,  that  will  float  on  the  liquor  in  the  receiver. 

And  now  it  is  neceiTary  that  the  operation  be  carried  on 
very  cautiouily,  and  vent  frequently  given  to  the  rarefied  air 
by  opening  the  fmall  hole  in  the  receiver :  fuch  an  incredible 
quantity  thereof  ruining  cut  of  the  Weed,  with  this  degree 
of  heat,  as  may  burd  the  veiTels  tp  pieces,  if  not  difcharged 
from  time  to  time. 

1  When 
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When  this  red,  light  Oil  is  come  over,  and  the  air  ceafea 
to  rufli  out  with  impetuotity,  raife  your  fire  gradually,  till 
the  retort  hegin  to  redden.  The  receiver  will  be  filled  with 
denfe  vapours ;  and,  together  with  the  watery  liquor,  which 
will  then  be  extremely  acid*  there  will  rife  a  black,  thick, 
ponderous  Oil,  which  will  fall  to  the  bottom  of  the  receiver, 
and  lye  under  the  liquor. 

Then  give  the  utrnoit.  degree  of  heat;  that  is,  the  greateft 
your  furnace  will  allow,  and  your  vefTcls  bear.  With  this 
exceflive  heat  a  little  more  Oil  will  rife,  which  will  be  very 
ponderous,  as  thick  and  black  as  pitch  ;  and  the  vefftds  will 
continue  full  of  vapours  th.it  will  not  condenfe. 

At  laft,  when  you  have  kept  the  retort  exceeding  red  for 
a  long  time  in  this  extremity  of  heat,  fo  that  it  begins  to 
melt,  if  it  be  of  glafs,  and  you  perceive  nothing  more  come 
over,  let  the  fire  go  out  and  the  veffll  cool.  Then  take  off 
your  receiver :  from  the  black  oil  at  bottom  decant  the  acid 
liquor  with  the  red  Oil  floating  on  it,  and  pour  them  both 
into  a  glafs  funnel,  lined  with  brown  filtering  paper,  and 
placed  over  a  bottle.  The  acid  liquor  will  pafs  through  the 
filter  into  the  bottle,  and  the  Oil  will  be  kit  behind,  which 
muft  be  kept  by  itfelf  in  a  feparate  bottle.  Laftly,  into  ano- 
ther funnel,  prepared  as  the  former,  pour  the  thick  Oil  re- 
maining with  a  little  of  the  acid  liquor  at  the  bottom  of  the 
receiver.  This  liquor  will  filter  off  in  the  fame  manner,  and 
thus  be  feparated  from  the  heavy  Oil. 

In  the  retort  you  will  find  your  Guaiacum-fhavings,  not 
in  the  lead:  altered  as  to  their  figure,  but  light,  friable,  very 
black,  fcentlefs,  and  taflelefs,  eafily  taking  lire,  and  con- 
fuming  without  flame  or  fmoke;  in  fhort,  you  will  find  them 
charred  to  a  perfect  coal. 

OBSERVATIONS. 

Hitherto  we  have  examined  the  fubfbnces  that  may 
be  obtained  from  vegetables,  cither  without  the  help  of  fire, 
or  with  a  degree  of  heat  not  exceeding  that  of  boiling  water. 
The  analyfis  of  plants  can  be  carried  no  further  without  a 
greater  degree  of  heat :  for,  when  the  principle  of  odour, 
and  the  eflential  oil  of  an  aromatic  plant,  are  wholly  extract- 
ed by  the  preceding  prccefTes,  if  the  diftillation  be  afterward 
continued  without  increaling  the  heat,  nothing  more  will  be 
obtained  but  a  little  Acid-,  which  will  foon  ceafe,  as  a  fmall 
part  only  of  the  quantity  contained  in  the  plant  will  be  ele- 
vated j  the  reft  being  either  too  ponderous,  or  too  much  en- 

3  K  tangled 
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tnngled  with  the  other  principles  of  the  body,  to  rife  with  fo~ 
frnall  a  degree  of  heat. 

In  order,  therefore,  to  carry  on  the  decompofition  of  a 
plant,  from  which  you  have,  by  the  methods  before  propof- 
ed,  extracted  all  the  principles  it  is  capable  of  yielding  when 
fo  treated;  or,  which  comes  to  the  fame  thing,  in  order  to 
analyze  a  vegetable  matter,  which  affords  neither  an  exprefT- 
ed  nor  an  enentlal  oil,  it  mufc  be  diltilied  in  a  retort  with  a 
naked  fire,  as  directed  in  the  procefs,  and  be  made  to  under- 
go all  the  degrees  of  heat  fucceffively,  from  that  cf  boiling 
water,  to  th-e  hlgfreH  that  can  be  raifed  in  a  reverberating 
furnace 

A  heat  inferior  to  that  of  boiling  water,  with  which  we 
mufi  begin  in  Order  to  warm  the  veiTei  gradually,  brings  no- 
thing over,  as  hath  been  faict,  but  an  infipid  water,  deltitute 
of  all  acidity.  By  increasing  it  nearly  to  the  degree  of  boil- 
ing water,  the  diililled  water  comes  to  be  flight!  y  acid. 

When  the  heat  is  made  a  little  ftronger  than  that  which  is 
neceflary  for  the  elevation  of  an  EiTential  Oil,  the  acidity  of 
the  water  that  comes  off  is  much  more  confiderable.  It 
hath  now  both  colour  and  fmeli,  and  there  rifes  with  it  a 
red,  light  Oil,  that  floats  on  the  liquor  in  the  receiver.  This 
is  not  an  EiTential  Oil  •,  it  hath  none  of  the  odour  of  the 
plant.  Though  fo  light  as  to  float  on  water,  yet  it  will  not 
rife  with  the  degree  of  heat  that  raifes  EfTentral  Oils;  even 
thofe  that  much  furpafs  it  in  gravity,  and  will  not  fwim  on 
water  as  this  does.  This  proves  that  the  eafe  or  difficulty, 
with  which  a  particular  degree  of  heat  raifes  any  fu'bftance 
in  diftillation*  doth  not  depend  altogether  on  its  gravity  :  its 
ciiiatabil-ify,  or  the  volatile  nature  of  the  matters,  with  which 
it  is  fo  cloicly  united  as  not  to  be  feparated  from  them  by  di- 
stillation, may  probably  contribute  greatly  to  produce  this 
effect. 

It  is  very  furpiifing  that  a  fubftanee  fo  hard,  fo  compact, 
fo  dry,  in  appearance,  asGuaiacnm-wood,.  ihould  yield  loch 
a  large  quantity  of  water  by  drftilfation  ;  and  it  is  equally  fc, 
that  ir  fhould  rtifcharge  fa  much  air,  and  with  fo  much  im- 
petuofiiy,  as  nothing  but  experience  could  Fender  credible. 
~V\re  have,  in  the  procefs,  dirt&ed  the  precautions  to  be  ta- 
ken when  this  air,  from  being  prodiglouily  condenfed  in  the 
body  of  which  it  made  a  part,  is  fet  at  large,  rufnes  out  of 
confinement,  and  expands  with  all  its  natural  eialtieity~ 
From  this  air  arifes  the  greatefl  danger  attending  the  opera- 
tion . 

It  hath  been  remarked,  that  the  henviefl  and  mofl  compacV 

woods 
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woods  yield  the  mod.  air  in  difliilation  :  and  accordingly 
Guaiacum-wood,  which  we  have  chofen  for  an  in  fiance,  as 
exceeding  almoft  all  others  in  hardnefs  and  weight,  discharg- 
es a  vad  quantity  of  air  when  analyzed. 

The  thick,  burnt,  empyreumatic  Oil,  that  comes  over 
laft  in  this  difiillation,  is  heavier  than  water;  on  account, 
probably,  of  the  great  quantity  of  Acid  with  which  it  is  re- 
plete. The  two  kinds  of  Oil  obtained  in  this  analyfis  may 
be  rectified,  by  diftilling  them  a  fecond  time,  or  rather  fc- 
veral  times;  by  which  means  they  will  become  lighter  and 
more  fluid,  as  we  have  feen  happen  to  Fat  and  Effeutial  Oils. 
In  general,  all  thick,  heavy  Oils  constantly  owe  rhefe  quali- 
ties to  an  Acid  united  with  them;  and  it  is  by  being  freed 
from  feme -of  that  Acid  in  diftiilation,  that  they  always  ac- 
quire a  greater  degree  of  lightnefs  and  fluidity  from  that  ope- 
ration. To  thefe  laws  all  vegetable  Oils  are  fubjecl,  of  what 
nature  foever  they  be. 

The  analyfis  of  a  vegetable  fubflance,  exhibited  above, 
{hews  what  may  be  obtained  from  them,  when  diftiiied  in 
clofe  veflels,  with  a  graduated  heat,  from  that  of  boiling  wa- 
ter, to  that  which  converts  the  mixt  to  a  perfect  coal ;  viz. 
Phlegm,  an  Acid,  a  light  Oil,  much  Air,  and  a  thick  Oil. 
But  this  analyfis.  is  far  from  being  a  complete  one  :  it  may  be 
carried  much  farther,  and  made  more  perfect. 

None  of  the  principles  obtained  by  this  analyfis  are  pure, 
fimple,  and  thoroughly  feparated  from  the  reft.  They  are 
fliil  in  fome  meafure  blended  all  together :  their  feparation  is 
but  begun ;  and  each  requires  a  fecond  and  more  accurate 
analyfis,  to  reduce  it  to  the  greateft  degree  of  purity  of 
which  it  is  capable.  The  Oil  and  the  Acid  chiefly  merit  fo 
much  pains- 

A  great  deal  of  the  Acid  of  the  pJant  remains,  as  was 
faid,  combined,  with  the  two  forts  of  Oil  here  obtained  ; 
which  we  have  realon  to  think  differ  no  otherwife  from  one 
another,  than  as  there  is  more  or  lefs  Acid  united  with  each. 
The  belt  way  of  freeing  thefe  Oils  from  their  redundant  Acid 
is  to  diftil  them  frequently  from  Alkalis  and  Abforber.ts. 
Some  of  our  beft  Chymifls  have  taken  this  pains  with  feve- 
ral  forts  of  Oils;  but  the  method  might  be  flill  extended, 
and  the  operation  carried  further  than  hath  yet  been  done. 

The  Acid  is  in  the  fame  circum (lances  nearly  as  the  Oil. 
The  {ird  that  rifes  is  mortified  with  much  water,  to  which  it 
owes  a  good  deal  of  its  volatility.  That  which  comes  over 
3aft  is  much  more  concentrated,  and  confequcntly  heavier ; 
yet  it  is  (till  very  aqueous.  It  might  be  freed  in  a  -.'cat 
3  K  2  meafbire 
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meafure  from  this  adventitious  water,  and  fo  rendered  much 
ftronger ;  which  would  give  us  a  better  opportunity  to  difcover 
its  nature  and  properties,  of  which  we  know  but  very  little. 

Watcf  is  not  the  only  heterogeneous  fubftance  that  dif- 
guiies  the  vegetable  Acid :  a  pretty  confidcrable  quanti- 
ty of  the  Oil  of  the  plant  is  alfo  combined  with  it,  and 
contaminates  its  purity.  The  proof  of  this  is,  that,  when 
thefe  Acids  are  kept,  in  the  fame  condition  in  which  they 
firft  come  over,  for  any  length  of  time,  in  a  glafs  veffel,  they 
gradually  depofite,  on  the  bottom  and  fides  cf  the  veffel,  an 
oily  incruftation,  which  grows  thicker  and  thicker  the  longer 
it  (lands  ;  and,  as  this  oily  matter  fepa  rates  from  it,  the  Acid 
liquor  appears  leis  unctuous  and  faponaceous. 

A  very  good  way  to  feparate  this  Oil  more  effectually  from, 
the  Acid  is  to  combine  the  whole  with  abforbents,  and  ab- 
ftra£t  the  Oil  again  by  diftillation.  By  this  means  a  very 
fenfible  quantity  of  Oil  may  be  feparated  that  was  not  per- 
ceived before.  On  this  occaiion  it  is  proper  to  remark,  that 
the  Oil  thus  united  with  the  vegetable  Acid  is  perfectly  dif- 
folved  by  it;  feeing  it  is  thereby  rendered  mifcible  with  wa- 
ter, fo  that  it  doth  not,  like  Alkaline  foaps,  in  the  lead"  ob- 
fcure  its  limpidity,  or  give  it  a  milky  caft  :  for  thefe  aqueous, 
oily  Acids  are  very  tranfparent,  especially  after  they  have 
flood  for  fome  time. 

The  air  that  is  difcharged  with  impetuofity  in  the  opera- 
tion, and  muft  be  let  out,  is  loaded  with  many  particles  of 
Acid  and  Oil  reduced  to  vapours,  which  it  carries  off;  and 
,  "by  this  means  the  quantity  of  the  principles  extracted  from 
the  mixt  cannot  be  accurately  determined  :  nor  are  the  va- 
pours, of  which  the  veffels  remain  full  after  the  operation, 
any  other  than  particles  of  Acid  and  Oil,  which  the  violence 
M  the  fire  hath  rarefied  exceedingly,  and  which  do  not  eafily 
condenfe. 

M  we  diftil  in  this  manner  a  vegetable  aromatic  fubftance, 
which  of  courfe  contains  an  Effentiai  Oil,  provided  it  hath 
rot  been  previouily  extracted  by  the  appropriated  procefs,  this 
Effentiai  Oil  will  rife  firft,  as  foon  as  the  diftilling  veffel  ac- 
quires the  heat  of  boiling  water:  but  its  icent  will  not  be 
near  fo  fweet  or  grateful,  as  if  it  were  diftilied  in  the  man- 
ner before  directed  as  properefl  for  it.  On  the  contrary,  it 
will  have  an  empyreumatic  fmell :  becaufe  in  this  way  it  is 
impoffible  to  avoid  fcorching  and  half- burning  fome  of  the 
matter  diftilied ;  efpecially  that  part  of  it  which  touches  the 
fides  of  the  retort.  Moreover,  the  very  fame  equable  degree 
erf  heat  can  hardly  be  kept  up  with  a  naked  fire.  The  Ef- 
fentiai 
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fential  Oil,  therefore,  though  it  rifes  firft:,  will  not  be  pure-, 
but  contaminated  with  a  mixture  of  the  envpyreumatic  Oil 
that  firft  cornea  over,  and  will  be  confounded  therewith. 

If  a  fubiiance  abounding  with  Fat  Oil,  that  hath  not  been 
exprefTed  from  it,  be  diftiUed  according  to  the  prefent  pro- 
eels,  it  will  yield  no  Fat  Oil  by  dtftillation4;  but  only  much 
more  of  the  firft  clear  Oil,  and  of  the  fee  on  d  thick  Oil,  than 
if  all  the  Fat  Oil  it  would  have  afforded  had  been  firft  drawn 
oft  by  expreffion  :  for  as  the  Fat  Oil  will  not  rife  in  difblia- 
tion,  without  a  degree  cf  heat  greater  than  that  of  boiling 
water,  neither  can  it  endure  fuch  a  degree  of  heat  without 
changing  its  nature,  without  lo(ing  that  mildnefs,  and,  in  a 
great  meafure,  that  un&uofity  which  is  natural  to  it.  It  will 
therefore  be  confounded  with  the  other  empvreurr.atic  Oil, 
which,  in  all  probability,  would  itfelf  be  no  other  than  !a  Fat 
Oil,  if  it  could  be  wholly  extracted,  without  the  aid  of  fire, 
from  the  vegetable  fubftances  containing  it. 

Moft  vegetable  fubftances,  when  di (til  led  with  a  ftrong  fire, 
yield  the  fame  principles  with  that  which  we  have  chofen  for 
an  inftance.  Entire  plants  of  this  kind,  thofe  from  which 
the  odorous  principle,  the  Effential  Oil,  or  the  Fat  Oil,  hath 
been  drawn,  thofe  of  which  extracts  have  been  made  by  in- 
fufion  or  decoclion,  or  the  extracts  themfeives ;  all  fuch  mat- 
ters being  diftilled  yield  a  Phlegm,  an  Acid,  a  thin  Oil,  Air, 
and  a  thick  Oil .  and  the  products  of  their  feveral  analyfes 
differ  from  each  other,  only  on  account  of  the  different  quan- 
tity or  proportion  that  each  contains  of  the  principles  here 
enumerated. 

But  there  are  many  other  plants,  which,  befides  thefe  fub- 
ftances, yield  alfo  a  confiderable  quantity  of  a  Volatile  Alka- 
line Salt.  This  property  is  poiTeifed  chiefiy  by  that  tribe  of 
plants  which  is  diftinguifhed  by  having  cruciform  flowers; 
among  which  there  are  fome  that  being  analyzed  greatly  re- 
ferable animal  matters.  We  fhall  now  analyze  one  of  thefe; 
Muftard-feed,  for  inftance. 


PROCESS     II. 

71?  analyze  a  vegetable  Sub/lance  ivhicb  yields  the  fame  Prin- 
ciples as  are  obtained  from  Animal  Matters ,  injianced  hi 
Mujlard-feed. 

WITH  an  apparatus  like  that  of  the  preceding  procefs, 
and  with  the  fame  fire,  diftil  Muitard-feed.     With 
a  degree  of  heat  inferior  to  that  of  boiling  water,  there  will 

come 
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come  over  a  phlegm  fomewbat  coloured,  and  impregnated 
with  a  Volatile  Alkaline  Salt.  With  a  degree  of  heat  great- 
er than  that  of  boiling  water,  the  fame  kind  of  phlegm,  im- 
pregnated with  the  fame  Salt,  will  continue  to  come  oijer; 
hut  it  will  be  much  higher  coloured,  and  will  be  accompa- 
nied with  a  light  Oil.  At  this  time  a  confiderable  quantity 
of  air  is  difcharged ;  with  regard  to  which  the  fame  precau- 
tions muft  be  taken  as  in  diftilling  Guaiacum. 

If  the  fire  be  gradually  raifed,  there  will  come  over  a  black 
thick  Oil,  lighter  however  than  water;  and  at  the  fame  time 
vapours  will  rife,  and,  condenfing  on  the  fides  of  the  receiv- 
er, form  into  fprigs  or  ramifications*  This  is  a  Volatile  Al- 
kaline Salt,  in  a  concrete  form,  like  that  of  animals,  as  we 
fhall  hereafter  fee.  Thefe  vapours  are  much  whiter  than 
thofe  of  Guaiacum. 

When  you  have  thus  drawn  off,  with  a  very  ftrong  fire, 
■all  the  Volatile  Alkali  and  thick  Oil  contained  in  the  fubjecl, 
there  will  be  nothing  left  in  the  retort  but  a  fort  of  opal, 
from  which  a  fmall  quantity  of  phofphorus  may  be  obtained, 
provided  the  retort  you  employ  for  that  purpofe  be  good  e- 
nough  to  itand  a  very  violent  heat. 

OBSERVATIONS. 

Mustard-seed  furnifnes  us  with  an  inftance  of  a  vege- 
table, from  which  we  obtain,  by  analyzing  it,  the  very  fame 
principles  that  animal  matters  yield.  In  Head-  of  getting  an 
Acid  from  it,  we  obtain  only  a  Volatile  Alkali ;  probably 
becaufe  the  Acid,  which  originally  enters  into  the  composi- 
tion of  this  kind  of  vegetables,  as  well  as  of  all  others,  un- 
dergoes in  palling  through  their  lfrainers,  and  mixing  with 
their  juices,  fuch  alterations  as  it  fullers  when  it  enters  into 
the  compofition  of  animals  :  that  is,  it  combines  with  fomc 
of  their  Earth  and  of  their  Oil,  in  fuch  a  manner  as  to  be 
changed  into  a  Volatile  Alkali,  or  at  leaft  difpofed  to  be  con- 
verted into  one  with  the  aid  of  fire. 

We  fhall  not  here  fpeak  of  the  manner  of  feparating  and 
depurating  the  principles  obtained  by  this  procefs ;  but  re- 
ferve  it  for  the  analyfis  of  animals,  which  is  abfolutely  the 
fame.  We  fhall  content  ourfelves  with  obferving,  that  the 
firft  Volatile  Alkali  which  rifes  at  the  beginning  of  the  ope- 
ration together  with  the  phlegm,  in  a  degree  of  heat  below 
that  of  boiling  water,  differs  from  that  which  doth  not  come 
over  till  towards  the  end  of  the  diftillation,  when  the  laft 
thick  Oil  afcends.  The  different  times,  and  different  de- 
grees 
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grees  of  beat,  in  which  thefe  two  Alkalis  rife,  fliew  that  the 
former  exifts  actually  and  perfectly  in  the  plant  ;  but  that  the 
latter  is  generated  during  the  diftillation,  and  is  the  product 
of  the  fire,  which  combines  together  the  materials  whereof 
it  is  compofed. 

Vegetables  that  thus  yield  a  Volatile  Alkali  with  a  heat 
lefs  than  that  of  boiling  water,  irritate  the  organ  of  fmelling, 
affecting  it  with  a  fenfation  of  acrimony;  and  the  effluvia* 
which  rife  from  them  when  bruifed,  make  the  eyes  fmart  fo 
as  to  draw  tears  from  them  in  abundance.  Several  of  thefe 
matters,  being  only  bruifed,  efFervefce  with  Acids :  effects 
producible  only  by  a  very  Volatile  Alkaline  principle. 

This  is  that  Alkali,  the  lighted  of  all  the  principles  that 
can  be  extracted  from  bodies,  which  rifes  firft  in  our  diftilla- 
tion  along  with  the  phlegm,  and  with  a  degree  of  heat  much 
inferior  to  that  of  boiling  water.  As  the  phlegm  with  which 
it  rifes  is  very  copious,  it  is  diiTolved  thereby ;  which  is  the 
reafon  it  doth  not  appear  in  a  concrete  form.  To  this  water 
k  gives  a  flight  yeliowifh  tinge,  becaufe  it  is  impure  and  oily. 
The  faline  Alkaline  properties  of  this  liquor  have  procured 
it  the  title  of  a  Volatile  Spirit.  This  Volatile  Alkali,  which 
exifts  naturally  and  perfectly  formed  in  Muftard-feed,  Oni- 
ons, Garlic,  Crefles,  and  other  fuch  vegetables,  conftitutes 
a  difference  between  them  and  animal  fubitances,  which  con- 
tain only  the  materials  requifite  to  form  a  Volatile  Alkaliy 
but  none  ready  formed,  unkfs  they  have  undergone  the  pu- 
trid fermentation. 

The  fecond  Volatile  Alkali  which  rifes  in  our  diftillation* 
but  not  without  a  very  ftrong  degree  of  fire,  and  at  the  fame 
time  with  the  laft  thick  Oil,  feems  to  be  a  production  of  the 
fire ;  for  if  it  were  already  formed  in  the  mixt,  as  the  other 
is,  it  would  rife  with  the  fame  heat,  and  at  the  fame  time, 
being  equally  volatile.  It  is  not  irnpofTible,  however,  that  it 
may  exiit  perfectly  formed  in  the  plant;  but,  having  con- 
tracted an  union  with  fome  Acid,  and  therewith  compofing 
an  Arameniacal  Salt,  it  may  by  that  means  be  hindered  from 
fifing  fo  readily  as  is  agreeable  to  its  natural  volatility. 

The  Phofphorus  obtained  by  a  violent  fire,  from  the  caput 
mortuum  of  this  diftillation,  feems  to  throw  a  light  of  pro- 
bability on  this  conjecture.  There  is  certainly  a  great  deal 
of  Acid  in  the  composition  of  Phofphorus.  Perhaps  this 
Acid  was  originally  combined  with  our  fecond  Volatile  Al- 
kali, and  formed  therewith,  as  was  faid,  a'fbrf  of  Sal  Am- 
moniac. Moreover,  aimoft  all  tbe  plants  that  yield  a  Volar- 
tile  Alkali  by  diftiilation,  yield  alio  x  confiderable  quar.arV 
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of  Acid  :  which  may  perhaps  be  the  remains  of  fuch  a  Sal 
Ammoniac  decomposed  by  the  operation.  This  is  a  fubjedl 
for  curious  and  uieful  inquiries.  This  fecond  Volatile  Alka- 
li appears  in  a  concrete  form,  becaufe  very  little  phlegm 
comes  over  along  with  it;  fo  that  the  vapours  thereof  are  not 
Sufficient  to  diflblve  it,  as  they  did  the  firft. 


CHAP.      VII. 

Of  the   Substances    obtained  from   Vegetables    by 
Combustion. 


PROCESS     I. 

To  procure  a   Fixed  Caujilc  Alkaline  Salt  from  a  Vegetable 
Subjlancet  by  burning  it  in  the  open  Air. 

TAKE  any  vegetable  matter  whatever ;  fet  it  on  fire,  and 
let  it  burn  in  the  open  air  till  it  be  wholly  reduced  to 
afhes.  On  thefe  allies  pour  a  quantity  of  boiling  water  Suf- 
ficient to  drench  them  thoroughly.  Filter  the  liquor  in  order 
to  Separate  the  earthy  parts.;  and  evaporate  your  lye  ro  <iry- 
ttefs,  fiirring  it  inceflantly ;  and  you  will  have  a  yellowiuV 
white  Salt, 

Put  this  Salt  in  a  crucible;  fet  it  in  a  melting  furnace, 
and  make  a  moderate  fire,  fo  as  not  to  fufe  the  Salt.  It  will 
turn  firft  of  a  blue- grey  colour,  afterwards  of  a  blue-green, 
and  at  laft  reddifh.  Put  on  the  dome  of  the  furnace;  fill  it 
with  coals;  make  your  fire  ftrong  enough  to  melt  the  Salt, 
and  keep  it  in  fufion  for  an  hour,  or  an  hour  and  half.  Then 
pour  it  into  a  heated  metal  mortar;  pound  it  while  it  is  red- 
hot  ;  put  it,  as  foon  as  poffible,  into  a  glafs  bottle,  firft  made 
very  hot  and  dry,  and  fhut  it  up  clofe  with  a  glafs  ftopple 
rubbed  with  emery.  By  this  means  you  will  have  the  pure 
Fixed  Alkali  of  the  vegetable  fubitance  you  burnt. 

OBSERVATIONS. 

Burning  a  vegetable  fubftance  in  the  open  air  is  a  kind 
of  violent  and  rapid  analyfis  made  by  fire,  which  feparates, 
refolyesj  and  decompofes,  Several  of  its  principles. 

When 
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When  any  wood  or  plant  is  laid  on  a  quick  fire,  there  af- 
cends  from  it  immediately  an  aqueous  fmoke,  which  conGfls 
of  little  more  than  pfalegm  ;  but  this  fmoke  foon  becomes 
thicker  and  blacker :  it  is  then  pungent,  draws  tears  from 
one's  eyes,  and  excites  a  cough  if  drawn  into  the  lungs  with 
the  breath.  Thefe  effects  arife  from  its  being  replete  with 
the  Acid,  and  fome  of  the  Oil,  of  the  vegetable  converted 
into  vapours.  Soon  after  this  the  fmoke  grows  exceeding 
black  and  thick  :  it  is  now  ftill  more  acrid,  and  the  plant 
turns  black.  Its  ftrougeft  Acid  and  Lift  thick  Oil  are  now 
difcharged  with  impetuofity. 

This  rarefied  Oil  being  heated  red-hot  fuddenly  takes  fire 
and  flames.  The  vc^ciT^olc  burns  and  deflagrates  rapidly, 
till  all  its  Oil  is  confumed.  Then  the  flame  ccafes ;  and  no- 
thing remains  but  a  coal,  like  that  found  in  a  retort  after  all 
the  principles  of  a  plant  have  been  extracted  by  the  force  of 
fire.  But  this  coal  having  a  free  communication  with  the 
air,  which  is  abfolutely  rieceffary  to  keep  a  cornbiiftible  burn- 
ing-, continues  to  be  red.  fpafkles,  and  waftes,  till  ail  its. 
phlogifton  is  diflipated  and  deftroyed.  After  this  nothing 
remains  but  the  Earth  and  Fixed  Salt  of  the  vegetable  ;  which, 
mixed  together,  form  what  we  call  the  Afhes.  Water,  which 
is  the  natural  folvent  of  Salts,  takes  up  every  thing  of  that 
kind  that  is  contained  in  the  a  flies  ;  fo  that,  by  lixiviating 
them,  as  directed,  all  the  Salt  is  extracted,  and  nothing  left 
but  the  pure  earth,  of  the  mixt  which  is  thus  decompoied. 

The  phenomena  obferved  in  the  burning  of  a  vegetable 
fubftance,  and  the  production  thereby  of  a  Fixed  Alkali, 
feem  to  prove  that  this  fait  is  the  work  of  the  fire;  that  it 
did  not  exift  in  the  plant  before  it  was  burnt;  that  the  plant 
only  contained  materials  adapted  to  form  this  Salt;  and  that 
this  Salt  is  no  other  than  a  combination  of  fome  of  the  Acid, 
united  with  a  portion  of  Earth,  by  means  of  the  igneous 
motion. 

In  the  firft  place;  a  Fixed  Alkali  may  be  obtained  by  lixi- 
viation  from  the  afnes  of  all  vegetable  matters  that  contain 
an  Acid,  Earth,  and  Phlogifton,  in  due  proportion.  Thus 
Efleritial  Salts;  the  fubftance  of  extracts  made  by  trituration, 
infimon,  or  decoclion  ;  wood  coals  burnt  to  afnes ;  all  yield 
a  quantity  of  this  Salt  in  proportion  to  the  quantity  of  Acid 
and  Earth  contained  in  them. 

•Secondly;  Fat,  EfTntiai,  and  Empyreumatic  Oils  afford, 
when  burnt,  fuch  a  fmall  quantity  of  Fixed  Alkali  as  is 
fcarce  perceptible;  beeatrfe  they  contain  but  a  little  Acid, 
and  ftill  lefs  Earth  :  and  thefe  fame  Oils,  when  reclined  by 
repeated  diftillations,  and  then  burnt,  leave  ftill  lefs  or  this 
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Salt;  becaufe  they  are  feparated  by  rectification  from  moft  of 
the  Acid,  together  with,  the  imall  matter  of  Earth  contained 
in  them, 

Thirdly;  thofe  vegetable  matters  which,  being  analyzed, 
furniih  a  great  deal  of  Volatile  Alkali,  yield  but  very  little 
Fixed  Alkali ;  becaufe  a  great  deal  of  their  Acid  is  employ- 
ed in  forming  the  Volatile  Alkali,  which  is  diflipated  by 
burning  the  plant :  and,  for  the  fame  reafon,  thofe  which  in 
diftillation  afford  only  a  Volatile  Alkali,  and  no  Acid,  leave 
in  their  allies  little  or  no  Fixed  Alkali,,  as  is  alio  the  cafe  with 
animal  matters. 

Fourthly,,  and  laftly ;  the  am.es  of  fuch  plants  as  have  been 
long  fteeped  in  water,  and  from  which  infufions  and  decoc- 
tions have  been  made,  always  contain  the  lefs  Alkali  the 
longer  they  have  been  infuied  or  boiled,  and  the  more  water 
they  were  infufed  or  boiled  in ;  becaufe  water  diffblves  and 
carries  off  their  Acid.  It  is  for  this  reafon  that  the  allies  of 
float-wood  are  much  lefs  faline  than  thofe  of  green  wood. 
Boerhaave  afiures  us,  in  his  Chymiftry,  that  having  exhauft- 
ed  Kofemary  by  repeated  decoctions,  and  having  afterwards 
boiled  the  plant  thus  treated,  the  afhes  produced  by  it  (hew- 
ed not  the  leaff  fign  of  a  Fixed  Alkali.  He  fays,  that,  in 
order  to  exhauft  thoroughly  all  the  faline  matters  contained 
in  Ptofemary,  he  was  obliged  to  decocl:  it  no  lefs  than  twenty 
times  fucceflively,  with  frefh  water  every  time,  and  never 
eeafed  boiling  it  in  this-  manner,  till  he  was  fure  that  the 
water,  by  boiling  the  plant  in  it  for  a  long  time,  took  up 
from  it  no  kind  of  matter  whatever  that  in  the  leaff  affected 
its  purity :  fo  that  the  water  of  his  laft  decocl.ion  had  abfo- 
lutely  no  imell,  tafte,  or  colour ;  but  was  in  fhort  precifely 
the  fame  as  before  he  ufed  it  for  the  decoction.  The  fame 
author  cbferves,  that  his  plant,  after  having  been  exhaufted 
in  this  manner,  and  having  fuffered  fuch  continued  boiling, 
retained  nevertheless  its  periecl:  external  form  ;  that  from  be- 
ing green  at  iirft  it  became  brown,  and  funk  to  the  bottom 
of  the  water,  inftead  of  floating  thereon  as  it  did  before  de- 
coction. 

If,  in  reiterating  this  beautiful  experiment  of  Mr.  Boer- 
haave's,  you  fhould  not  fucceed  as  you  expect,  you  muff  not 
therefore  accufe  this  great  man  of  having  been  miftaken  on 
this  occafion  ;  feeing  it  is  very  difficult,  not  to  fay  impcfLble, 
to  afcertain  exactly,  from  the  account  he  hath  given  of  his 
experiment,  all  that  is  neceffary  to  its  perfect  fuccefs:  for  he 
hath  not  fpecilied  either  the  duration  of  the  coitions  which 
he  made  the  Ptofemary  undergo,  or  the  quantity  of  water  he 
employed  in  each ;  whereas  a  difference  in  either  of  thefe 
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"may  occafion  a  vaft  difference  in  the  reftilt.  It  is  evident, 
that  if  five  or  fix  pounds  of  water  be  ufed  for  each  coction  of 
a  pound  of  Rofemarv,  and  be  kept  boiling  for  two  or  three 
bours,'.the  plant  will  not  be  near  fo  much  exhaufted  by  being 
fo  treated,  as  if  the  fame  quantity  thereof  were  kept  boiling 
for  feveral  days,  in  forty  or  fifty  quarts  of  water. 

Indeed,  thele  points  feem,  in  feme  meafure,  to  be  deter* 
mined,  by  what  he  fays  of  the  quality  which  the  water  of 
the  laft  decoction  ought  to  have.  But  the  fame  objections 
occur  here  alfo;  nay,  the  two  circumstances  of  the  quantity 
of  water  and  the  duration  of  the  boiling,  have  the  greatest 
influence  here  :  for  the  more  a  plant  is  exhaufted  of  its  Salts* 
the  more  difficult  it  becomes  for  the  water  to  di&bhre  and  fe- 
parate  the  fmall  quantity  thereof  that  remains  united  with 
the  tenacious  Oil ;  and  confequently  it  may  happen,  that  this 
laft  water,  after  the  plant  hath  boiled  in  it  five  or  fix  hours, 
fhall  appear  infipid,  fcentlefs,  colcurlefs;  and  yet  that  a 
much  greater  quantity  of  water,  but  reduced  by  Jonger  boil- 
ing to  the  fame  quantity  with  that  which  hath  been  boiled 
but  five  or  fix  hours,  fhall  have  acquired  both  tafte  and  co- 
lour ;  in  a  word,  (hew  that  it  hath  taken  up  fome  of  the 
principles  of  the  plant.  It  may  alfo  happen,  that,  a  fmall 
portion  of  faiine  matter  being  diftufed  through  a  large  quan- 
tity of  water,  after  long  continued  coction,  (hail  not  be  per- 
ceptible either  to  the  tafte  or  to  the  eye ;  but  that  the  very 
fame  portion  of  faiine  matter  mall  become  very  fenfible,  when 
the  quantity  of  water  in  which  it  is  loit,  as  it  were,  is  fufli- 
ciently  lefiened  by  evaporation. 

Hence,  if  we  would  make  fure  of  fulfilling  the  conditions 
required  by  Mr.  Boerhaave,  the  laft  decoction  of  the  plant 
mull  be  made  in  a  much  greater  quantity  of  water,  and  con- 
tinued for  a  much  longer  time,  than  may  perhaps  be  ima- 
gined, or  perhaps  eafiiy  determined  ;  and  this  decoclion  be- 
ing evaporated  to  any  degree  you  pleafe,  muft  have  neither 
taite,  fmell,  nor  colour :  in  fhort,  it  muft  from  firft  to  laft 
remain  perfectly  like  pure  water.  In  other  words,  it  is  very 
difficult  to  attain  to  any  certainty  in  this  matter. 

Though  what  hath  hitherto  been  faid,  about  procuring  the 
Fixed  Alkali  of  plants  by  ccmhuftion,  feems  to  prove  that 
this  Salt  is  wholly  the  production  of  the  fire,  yet  it  muft  ret 
be  afTerted  that  no  part  thereof  pre-exifted  formally  in  the 
plant  before  it  was  burnt.  On  the  contrary,  it  is  certain 
that,  amongft  the  faiine  matters  found  in  the  composition  of 
plants,  there  are  true  Neutral  Salts  whofe  bafis  is  a  Fixed 
Alkali;  but  this  Alkali  being  combined  with  an  Acid  dis- 
covers none  of  its  properties,  and  never  appears  in  its  true 
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form  till  the  Neutral  Salt,  of  which  it  makes  a  part,  is  de- 
composed by  cornbnftion.  The  cafe  of  Sea-plants',  all  of 
■which  contain  Sea-fid:,  and  when  burnt  yield  an  Alkaline 
Salt  perfectly  refembiing  the  bafis  of  Sea- fait,  feems  to  de- 
cide this  point. 

If,  in  lixiviating  the  afhes  of  a  plant,  to  diflblve  and  wafh 
out  its  Alkali,  vou  intend  that  nothing  fhould  be  left  but  an 
nbfolutely  pure  earth,  fit  for  making  cupels,  you  niuft  not 
be  contented  with  one  ablution  only,  even  with  a  large 
quantity  of  water;  becaufe  the  aflies  continue  drenched  with 
the  water  in  which  the  Salts  are  diiTolved,  and  consequently, 
when  this  water  is  evaporated,  feme  of  the  Salts  will  be  left 
with  the  earth.  Therefore,  if  this  be  your  view*  you  mufl 
■wafh  it  three  or  four  ftveral  times,  uung  frefh  water  every 
time. 

The  water  impregnated  with  the  Alkali  cannot  be  evapo- 
rated without  a  contiderable  lofs  of  Salt,  efpecially  if  it  be 
violently  boiled  ;  'becaufe  the  water,  with  which  it  is  clofely 
united,  carries  off  part  of  it.  In  confequence  of  this  inti- 
mate union,  it  is  very  difficult,  when  the  evaporation  is  near 
finifhed,  and  but  a  little  water  left,  to  dry  the  Salt  perfect- 
ly, becaufe  it  pertinaciously  retains  this  laft  portion  of  humi^ 
dity. 

The  Alkali  obtained  from  the  afhes  of  a  burnt  plant  is  not 
perfectly  pure:  it  is  contaminated  with  a  fmall  mixture  of 
fatty  matters,  which  were  probably  defended,  thereby  againft 
the  action  of  the  fire,  and  which  render  it  Somewhat  Sapo- 
naceous. In  order  to  free  it  from  this  extraneous  matter, 
and  to  render  it  very  cauflic,  it  mull  be  calcined  a  long 
time  in  a  crucible,  but  without  melting  it  at  fir  ft  :  becaufe  it 
is  with  this  Salt  as  with  moft  metallic  matters,  which  are 
Sooner  and  mere  eafiiy  deprived  of  their  phlogifton  by  being 
calcined  without  melting,  provided  they  be  comminuted  into 
fmall  particles,  than  when  they  are  in  fufion;  all  melted 
matters  having  but  a  fmall  furface  expofed  to  the  air,  by  the 
contact  of  which  the  evaporation  or  anything  whatever  is 
exceedingly  promoted.  It  was  for  this  reaion  we  directed 
the  Salt  to  be  calcined  for  a  long  time  in  a  crucible  before 
melting  it. 

Mr.  Eoerhaave  was  very  fenfible  of  the  utility  of  this  cal- 
cination of  the  Alkali  previous  to  its  being  melted,  when  in 
his  Chymiftry  he  ordered  the  allies  containing  this  Salt  to  be 
put  into  a  large  earthen  veilel,  kept  red-hot  tor  a  confides 
able  time,  taking  great  care  that  the  Salt  do  not  melt.  He 
takes  notice,  that,  the  longer  the  allies  are  calcined  in  this 
manner,    the   ftrcnger  is.  the  Alkali  obtained   from   them. 

This 


Chap.  7.     PRACTICE    of    CHYMISTRY.      5    3 

This  method  is,  in  the  main,  the  very  fame  with  that  here 
prefcrih  .],  :nd  produces  the  fame  efledl:;  becaufe  the  Alkali 
is  equally  well  freed  of  the  extraneous  fatty  matter,  whether 
it  be  calcined  before  or  after  its  feparation,  provided  it  be 
not  fullered  to  melt. 

Mr.  Boerhaave  gives  another  reafon  for  recommending  care 
to  be  taken  that  the  Fixed  Alkali  do  not  melt,  while  the  alh- 
es  are  calcining  to  render  it  ftronger  and  more  cauftie  :  tor, 
if  that  mould  happen,  the  melted  mixture  of  the  Salt  and 
athes  would  produce  a  vitrified  mafs,  which  would  have  none 
of  the  properties  of  the  bait. 


PROCESS     II. 

To  procure  the  Fixed  Salt  of  a  Plants  by  burning  it  after  the 
manner  of  Tachdnius. 

INT  O  an  iron  pot  put  the  plant  whofe  Salt  you  defire  to 
obtain  in  the  manner  of  Tachenius,  and  fet  it  over  a 
fire,  ftrong  enough  to  make  its  bottom  red-hot;  at  the  fame 
time  cover  your  plant  with  a  plate  of  iron,  that  may  lie  im- 
mediately upon  it  in  the  pot.  The  plant  will  grow  black, 
and  fmoke  confiderably ;  but  will  not  flame,  becaufe  it  hath 
not  a  fufficient  communication  with  the  air.  The  black 
fmoke  only  will  efcape  through  the  interface  left  between  the 
fide  of  the  pot  and  the  rim  of  the  plate  ;  which,'  for  that  pur- 
pofe,  fhould  be  made  fo  as  not  to  fit  exactly  into  the  pot. 
From  time  to  time  take  up  the  iron  plate,  ftir  the  plant,  and 
cover  it  again  immediately,  to  prevent  its  taking  fire,  or  to 
fmother  it  if  it  fhould  happen  to  flame  :  go  on  thus  till  the 
black  fmoke  ceafe. 

Then  take  off  the  iron  plate :  the  upper  part  of  the  half- 
burnt  plant  will  take  fire  as  foon  as  the  air  is  admitted,  con- 
fume  gradually,  and  be  reduced  to  a  white  afh.  Stir  your 
matter  with  an  iron  wire,  that  the  undermoft  parts,  which  are 
ftili  black,  may  be  fucceffively  brought  uppermoft,  take  fire,, 
and  burn  to  white  afhes.  Go  on  thus  as  long  as  you  per- 
ceive the  lean:  blacknefs  remaining.  After  this,  leave  your 
afhes  forne  time  longer  on  the  fire ;  but  ftir  them  frequently, 
to  the  end  that,  if  any  black  particles  fhould  Hill  be  left, 
they  may  be  entirely  confumed. 

Your  afties  being  thus  prepared,  lixiviate  them  with  fevert 
times  their  quantity  of  water,  made  to  fimmer  over  the  fire, 
and  keep  (luring  it  with  an  iron  ladle.  Then  filter  the  li- 
quor, 
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quor,  and  evaporate  it  to  drynefs  in  an  iron  pot,  ftirring  it 
inceiTantly  towards  the  end,  left  the  matter,  when  it  grows 
ftifF,  fhouki  adhere  too  clofely  to  the  veflel.  When  all  the 
humidity  is  evaporated,  you  will  have  a  Salt  of  a  darkifh  co- 
lour, and  alkaline  nature ;  which  you  may  melt  in  a  cruci- 
ble, and  mould  into  cakes.  This  is  the  Fixed  Salt  of  plants, 
prepared  in  the  manner  of  Tachenius. 

OBSERVATIONS. 

The  Fixed  Salt  obtained  from  plants  in  the  manner  in- 
vented by  Tachenius,  and  here  defcribed,  is  in  many  re- 
fpects  different  from  the  Cauftic  Fixed  Alkali  extracted  out 
of  the  afhes  of  plants  that  have  been  confumed  by  flaming 
in  the  open  air.  Tachenius's  Salt  is  indeed  of  an  Alkaline 
nature;  but  much  weaker  than  a  pure  Fixed  Alkali.  It  is 
not  by  far  fo  cauftic;  it  attracts  the  moifture  of  the  air  much 
more  feebly  and  ilowly;  it  melts  with  a  much  fmalier  degree 
of  heat;  and  it  doth  not  make  fo  ftrong  an  effervefcence  with 
Acids.  In  ihort,  if  you  difiblve  it  in  water,  evaporate  the 
folution  to  a  pellicle,  and  fet  it  in  a  cool  place,  it  will  moot 
into  fmall  cryftals ;  which  is  not  the  cafe  with  a  pure  Fixed 
Alkali. 

Thefe  feveral  different  effects,  which  characterize  Tache- 
nius's  Salt,  and  diftinguifh  it  from  the  Cauftic  Fixed  Alkali 
produced  by  burning  a  plant  in  the  open  air,  prove  that  it  is 
not  a  pure  Alkali,  but  combined  with  certain  fubftances  that 
bring  it  nearer  to  the  nature  of  a  Neutral  Salt,  and  place  it, 
as  it  were,  in  the  mid-way  between  fuch  a  Salt  and  a  true 
Alkali.  If  we  reflect  on  the  manner  in  which  it  is  produ- 
ced, it  is  eafy  to  perceive  what  thofe  fubftances  are  that  muft 
be  combined  with  it.  It  hath  been  fhewn  that  plants,  when 
analyzed,  yield  a  great  deal  of  Oil  and  of  Acid.  When  they 
are  burnt  in  the  open  air,  all  their  Oil  is  diilipated  in  fmoke, 
or  confumed  in  flame.  Great  part  of  the  Acid  is  like  wife 
diiTipated,  and  the  remainder  combining  with  the  Earth  of 
the  plant  forms  a  Fixed  Alkali. 

When  the  fame  plants  are  analyzed,  by  diftilling  them  in 
clofe  vefTeln,  the  fame  principles  are  carried  up  by  the  action 
of  the  fire,  forced  to  feparate  from  the  fixed  parts,  and  pais 
over  into  the  receiver  in  the  form  of  vapours  and  of  a  liquid  : 
but,  when  they  are  burnt  in  the  manner  of  Tachenius,  the 
Acid  and  Oil  of  the  plant,  as  fa  ft  as  they  are  expelled  by  the 
action  of  the  fire,  are  repelled  by  the  iron  cover,  which,  at 
the  fame  time  that  it  prevents  the  Oil  from  being  entirely 

confumed 
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confumed  in  flame,  obliges  thefe  two  fubflances  to  circulate, 
reverberates  them  on  the  reft  of  the  plant,  and,  in  a  manner, 
forces  them  to  re-unite,  in  part,  with  that  from  which  they 
were  juft  before  feparated. 

A  considerable  quantity,  therefore,  of  the  Oil  and  Acid 
of  the  plant,  muft  evidently  combine,  in  this  operation,  with 
its  Fixed  Salt,  as  faft  as  it  is  produced ;  and  the  properties 
above  fpecified  are  owing  to  thefe  two  fubflances.  Tache- 
nius's  Salt  is,  therefore,  a  Fixed  Alkali,  partly  neutralized 
by  fome  of  the  Acid  of  the  phnt,  and  rendered  a  little  fa- 
ponaceous  by  a  portion  of  its  Oil;  whence  it  is  much  milder 
than  a  pure  Fixed  Alkali,  and  proper  to  be  given  internally, 
as  an  excellent  remedy  in  feverai  diforders. 

For  the  medicinal  virtues  of  this  Salt  Mr.  Boerhaave's 
Chymiftry  ought  to  be  confulted,  as  the  author  was  a  very 
good  judge  of  fueh  matters. 

Tachenius's  Salt  may  be  converted  into  a  Cauftic  Fixed 
Alkali,  by  freeing  it  from  the  Acid  and  from  the  Oil  to 
which  its  peculiar  properties  are  owing.  For  this  purpofe 
nothing  more  is  requifite  than  to  calcine  it  for  a  long  time  in 
a  crucible,  ftirring  it  frequently  with  an  iron  wire,  and  tak- 
ing care  not  to  melt  it,  till  it  have  undergone  the  fame 
changes,  and  fucceffively  acquired  the  fame  colours,  as  our 
Fixed  Alkali ;  and,  when  it  becomes  reddiih,  melting  it  and 
keeping  it  in  fufion  for  an  hour  or  two. 

Hitherto  no  fenfible  difference  hath  been  obferved  between 
the  Cauftic  Fixed  Alkalis  obtained  from  different  plants, 
when  equally  calcined ;  except  that  thofe  produced  by  Sea- 
plants  have,  as  we  faid  before,  the  fame  properties  as  the 
Alkaline  bafis  of  Sea-falt.  Much  the  fame  thing  may  be 
faid  of  the  Fixed  Salts  obtained  from  plants  by  Tachenius's 
method  :  for,  though  they  be  combined  with  a  portion  of  the 
Acid  and  Oil  of  the  plant,  yet,  as  thefe  principles  have- 
been  expofed  to  the  action  of  a  ftrong  fire,  they  are  exceed- 
ingly altered,  and  almofl  wholly  reduced  to  one  and  the 
fame  condition. 


PROCESS     III. 

To  render  Fixed  Alkalis  very  cauftic  by  means  of  Lime,    The 
Cauftic  Stone. 

TAKE  a  lump  of  newly  burnt  quick-lime,  that  hath  not 
yet  begun  to  flake  in  the  air :  put  it  into  a  ftone  pan, 
and  cover  it  with  twice  its  weight  of  the  unwaihed  afhes  of 
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fome  plant,  that  are  full  of  the  Salt  you  defign  to  render 
cauflic.  Pour  on  theft  a  great  quantity  of  hot  water;  let 
them  deep  in  it  five  or  fix  hours,  and  then  boil  them  gently* 
Filter  the  liquor  through  a  thick  canvas  bag,  or  through 
brown  filtering  paper  fupported  by  a  linen  cloth. 

Evaporate  the  filtered  liquor  in  a  copper  baton  fet  over  the 
fire;  and  there  will  remain  a  Salt,  which  mult  be  put  into 
a  crucible  fet  in  the  fire.  It  will  melt,  and  boil  for  fome 
time  ;  after  which  it  will  be  fti-R,  and  look  like  an  Oil,  or 
melted  Fat.  When  it  comes  to  this  condition,  pour  it  out 
on  a 'very  hot  copper  plate,  and  cut  it  into  oblong  tapering 
flips,  before  it  grow  hard  by  cooling.  Put  thefe  flips,  while 
they  are  frill  hot,  into  a  very  dry  glafs  bottle,  and  fea]  it  her* 
metically.    This  is  the  Caujlic  Stone,  or  common  Canjlic. 

OBSERVATIONS. 

The  defign  of  this  operation  is  to  combine  with  the  Fixed 
Alkali  all  the  faiine  acrid  parts  of  the  quick-lime.  This  is 
to  be  effected  only  by  difperfing  and  diffufitng  both  thofe  fub- 
fiances  in  water,  which  is  the  proper  folvent  of  all  faiine 
matters.  Seeing,  therefore,  we  muft  have  an  actual  lixivi- 
um, it  is  needlcfs  to  employ  an  Alkali  alreadv  prepared  and 
feparated  from  afhes ;  for  which  reafon  we  directed  afhes  that 
are  ftill  replete  with  Alkali  to  be  ufed  inftead  of  a  pare  Al- 
kali. By  this  means  two  ends  are  anfwered  at  once:  the 
Salt  contained  in  the  afhes  is  extracted  from  them,  and  com- 
bined with  the  moft  acrid,  fubtile,  and  faiine  parts  of  the 
lime. 

The  lye,  when  faturated  with  thefe  two  faiine  matters  to- 
gether, is  vaftly  more  acrid  and  cairtie  than  if  it  contained 
but  one  of  the  two  in  a  quantity  eq^.al  to  both.  With  this 
lye  Soap  is  ufuallv  made ;  becaufe  the  acuated  Alkali  con- 
tained  in  it  hath  a  much  greater  effect  on  Oils  than  any  o* 
ther  kind  of  Alkali.  It  aifo  acts  with  incredible  violence  en 
all  animal  matters;  which  it  diflblves,  divides,  and,  in  fome 
meafure,  defcrcys,  with  furpvifing  efficacy  and  quicknefs. 

For  this  reafon  it  is  impoflible  to  filter  it  through  a  woollen 
or  filken  bag;  for  it  will  eat  holes  in  them,  or  even  reduce 
them  to  a  pap,  alm&ft  as  loon  as  it  touches  them.  Befides, 
as  the  lye  would  tHfToive  fome  part  thereof,  it  would  thence 
acquire  a  faponaceous  quality,  and  fo  lofe  much  of  its  cauflic 
nature.  We  muft,  therefore,  neccffarily  ufe  a  filter  made  of 
vegetable  matters,  which  refill  this  destroying  Salt  much  bet- 
ter than  animal  matters. 

i  An 


Cfcap.  ?.    PRACTICE  t>*   CHYMISTRY,    457 

An  Alkali  thus  acuated  by  quick-lime  attracts  and  retains 
humidity  more  ftrongly  than  ony  other  kind  of  Alkali,  even 
the  perfected  and  beft  calcined.  For  this  reafoh  it  is  almoft 
impomble  to  dry  it  thoroughly  in  the  bafon  wherein  you  eva- 
porate the  lixivium. 

To  the  moifture  Hill  left  in  it  muft  be  attributed  its  boil- 
ing when  it  begins  to  melt  in  the  crucible.  When  all  the 
humidity  is  dimpated,  the  fufed  Salt  remains  fmeOth  and  un- 
ruffled, like  wax  melted  with  a  gentle  heat. 

This  cauftic  Salt  is  vaftly  more  fufible  than  the  common 
Alkalis*  It  fcarce  grows  red  before  it  flows  like  wax.  When 
it  is  once  in  quiet  fufion,  all  the  humidity  that  occasioned 
the  boiling  obferved  at  firft  being  diffipated,  it  is  as  cauftic 
as  it  can  be  made.  It  is  then  time  to  pour  it  out,  and  to 
cut  it  into  long  narrow  flicks,  fit  for  the  ufe  of  Surgeons, 
who  apply  it  to  eat  away  callofities  and  excrefcences,  and  to 
Open  ifTues.  On  this  account  it  is  called  the  Caujlic  Stone. 
The  operation  of  this  Salt  is  fo  quick,  that,  in  a  very  ihort 
time,  it  produces  on  the  fkin  a  feiifation  like  that  of  fire. 

As  this  Salt  grows  furprifingly  foon  moiii  in  the  air,  and 
lofes  its  virtue  when  fo  moiftened,  it  is  necefiary  to  fhut  it 
up,  while  it  is  ftiil  hot,  in  a  very  dry  bottle,  which  rnuft  be 
immediately  (lopped  with  a  glafs  ftcpple  rubbed  with  emery, 
or  die  with  a  found  cork  and  then  dipt  in  pitch.  In  fpite  of 
all  thefe  precautions,  it  can  fcarce  be  kept  five  or  fix  months 
in  full  vigour ;  efpecially  if  the  bottle  be  fometimes  opened 
in  the  mean  while.  We  mail  not  attempt  to  explain  here 
why  an  Alkali  becomes  fo  violently  cauftic  by  being  com*- 
bined  with  quicklime.  This  queilion  feems  to  be  one  of 
the  mod  fubtile,  and  the  moft  difficult  to  anfwer,  in  all  Chy- 
miftry.  It  depends  on  the  caufe  of  the  Alkaline  properties 
of  lime;  and  can  hardly  be  refolved,  till  we  attain  a  further 
infight  into  the  nature  of  that  fubftance  than  We  have  yet 
got. 


PROCESS     IV. 

The  Analyfis  of  Sort. 

TAKE  wood-foot  from  a  chimney  under  which  no  ani- 
mal matter  hath  been  drefTed  or  burnt:  put  it  into  a 
glafs  retort  fet  in  a  reverberating  furnace;  lute  on  a  receiver, 
and  begin  to  diftil  with  2  degree  of  heat  fomewhat  lefs  .than 
that  of  boiling  water.     A  confiderabie  quantity  of  limpid 
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phlegm  will  come  over.  Keep  the  fire  in  the  fame  degree  as 
Jong  as  any  of  this  phlegm  rifes ;  but  increafe  it  when  the 
drops  begin  to  come  flow :  and  then  there  will  afcend  a  good 
deal  of  a  milky  water.  When  this  water  ceafes  to  run, 
change  the  receiver,  and  increafe  your  fire  a  little  :  a  yellow 
Volatile  Salt  will  rife,  and  flick  to  the  fides  of  the  receiver. 
The  fire  ought  now  to  be  very  fierce,  and,  if  fo,  will  force 
up  at  the  fame  time  a  very  thick  black  Oil.  Let  the  veffels 
cool :  you  will  find  a  faline  matter  ri fen  into  the  neck  of  the 
retort,  which  could  not  pafs  over  into  the  receiver :  in  the 
bottom  of  the  retort  will  be  a  caput  mortnum,  or  black  char- 
red fubflance,  the  upper  part  of  which  will  be  crufted  over 
with  a  faline  matter,  like  that  in  the  neck  of  the  retort. 

OBSERVATIONS. 

The  preceding  analyfis  mewed  what  principles  are  obtain- 
ed from  vegetable  fubftances  without  the  aid  of  fire ;  thofe 
which  the  heat  of  fire  raifes  and  carries  over  out  of  one  clofe 
veiTel  into  another;  and,  laftly,  thofe  that  continue  fixed  af- 
ter the  vegetable  hath  been  thoroughly  charred,  either  in  a 
clofe  veiTel,  or  in  the  open  air :  nothing  therefore  remained, 
to  finifh  the  fubjecl:  of  vegetable  principles,  but  to  examine 
thofe  which  fire  raifes,  in  the  form  of  vapours,  fmoke,  and 
flame,  from  a  vegetable  matter  burnt  and  confumed  in  the 
open  air.  Every  body  knows  that  Soot  ccnfifts  only  of  thefe 
principles,  collected  in  the  {hafts  of  chimneys,  which  ferve  as 
alembics  for  this  fort  of  diftillation  in  the  open  air.  By  ana- 
lysing Wood-foot,  therefore,  we  (hail  difcover  the  principles 
we  are  in  queft  of.  The  procefs  we  have  given  for  that 
purpofe  is  taken  from  Boerhaave's  Chymiflry,  where  we  find 
it  defcribed  with  great  exatlnefs  and  precificn. 

As  we  are  at  prefent  inquiring  into  the  nature  of  vegeta- 
bles only,  it  is  evidently  neceffary  that  we  chufe  a  Soot  pro- 
duced by  burning  vegetables  aione.  Soot,  though  dry  in 
appearance,  contains  neverthelefs  much  humidity,  as  appears 
from  this  analyfis;  feeing  there  comes  over  at  firft  a  confi- 
derabie  quantity  of  phlegm,  that  doth  not  feem  to  be  im- 
pregnated with  any  principle,  except  perhaps  an  extremely 
fubtile,  faline,  and  oily  matter,  that  communicates  to  it  a 
difagreeable  fmell,  from  which  it  cannot  by  any  means  be 
entirely  freed. 

The  white  milky  liquor,  which  follows  this  firfl  phlegm, 
is  ftilJ  water,  but  much,  more  impregnated  with  faline  and 
oily  parts  than  the  former.     By  its  fmell,  which  is  exceeding 

quick 
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quick  and  pungent,  we  may  judge  it  contains  much  Volatile 
Alkali  ;  and  accordingly,  when  re-diftilled  by  itfelf,  it  yields 
a  Volatile  Spirit,  and  a  Volatile  Salt  in  a  concrete  form. 
With  regard  to  its  white  colour,  it  is  occasioned  by  the  oily 
parts  which  are  diffufed  and  fufpended,  but  not  difTolved,  in 
the  water.  When  this  fecond  liquor  is  come  off,  there 
afcends  a  Volatile  Alkali  in  a  dry  form,  and  a  very  thick 
black  Oil  ;  becaufe  there  is  not  moifture  enough  left  to  dif- 
folve  thefe  principles,  or  rather  to  divide  and  diiperfe  them. 

The  Volatile  Alkali  obtained  from  Soot  is,  in  a  double  re- 
fpecl:,  the  producl:  of  the  fire.  In  the  firft  place,  though  it 
derives  its  origin  wholly  from  wood,  or  other  vegetables, 
which,  when  diftilled  in  clofe  veffels,  yield  no  Volatile  Al- 
kali at  all,  yet  it  produces  fuch  a  Salt  when  analyzed  in  the 
prefent  manner :  whence  it  muff  be  inferred,  that  the  princi- 
ples of  thofe  vegetables  are  metamorphoied  into  a  Volatile 
Alkali,  by  being  burnt  in  the  open  air,  and  fublimed  in  the 
form  of  Soot.  Secondly,  though  Soot  when  analyzed  yields 
a  great  deal  of  this  Salt,  yet  this  Salt  doth  not  formally  pre- 
exift  therein ;  for  it  doth  not  rife  till  after  the  phlegm,  nor 
without  a  very  confiderable  degree  of  heat :  therefore  Soot 
contains  only  the  materials  neceffary  to  form  this  Salt;  there- 
fore the  perfect  combination  of  this  Salt  requires  that  the 
force  of  fire  be' applied  a  fecond  time ;  therefore  it  is,  as  was 
faid,  doubly  the  producl:  of  the  fire. 

The  faJine  matter  which  we  find  fublimed  into  the  neck 
of  the  retort,  and  which  alfo  forms  the  cruft  that  covers  the 
caput  mortuum  of  the  Soot,  appears  by  all  Chymical  trials 
to  be  an  Ammoniacal  Salt ;  that  is,  a  Neutral  Salt  confid- 
ing of  an  Acid  and  a  Volatile  Alkali.  This  Ammoniacal 
Salt  rifes  only  into  the  neck  of  the  retort,  and  doth  not  come 
over  into  the  receiver  :  becaufe  it  is  but  femi-volatile.  We 
(hall  treat  more  at  large  of  the  production  of  a  Volatile  Al- 
kali, and  of  this  Ammoniacal  Salt,  when  we  come  to  the 
analyfis  of  Animals,  and  the  article  of  Sal  Ammoniac. 

The  charred  matter  that  remains  in  the  retort  after  difl.il- 
lation,  being  burnt  in  the  open  air,  is  reduced  to  an  exceed- 
ing fixed  white  earth.  As  this  fixed  matter  was  part  of  that 
very  Soot,  which  was  fublimed  to  a  great  height  whilft  the 
vegetable  was  burning;  this  is  a  proof  of  what  we  advanced 
before,  that  the  moft  fixed  matters  are  capable  of  fublima- 
tion,  when  united  with  volatile  fubftances ;  efpecially  when 
they  are  expofed  at  the  fame  time  to  the  combined  adtion  of 
air  and  of  fire, 

qNU  CHAP. 
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CHAP.        VIII. 

The  Analysis  of  fame  particular  Substances  belonging 
to  the  Vegetable  Kingdom. 


PROCESS     I. 

Anahfis  of  the  natural  Balfams  ;   inftanced  in  Turpentine, 

INTO  a  cucurbit  put  as  much  rain-water  as  will  fill  about 
a  fourth  part  of  its  cavity,  and  pour  into  it  the  Turpen- 
tine you  intend  to  analyze.  Cover  the  cucurbit  with  its 
head,  and  lute  it  on  with  flips  of  fized  paper  or  wet  bladder. 
Set  your  alembic  in  a  fand-heat;  lute  on  a  long-necked  re- 
ceiver; and  give  a  gradual  fire  till  the  water  in  the  cucurbit 
boil.  There  will  come  over  into  the  receiver  a  good  deal  of 
phlegm,  which,  by  little  and  little,  will  become  more  and 
more  acid  ;  and  at  the  fame  time  there  will  rife  a  great  quan- 
tity of  an  sethereal  Oil,  extremely  light^  fluid,  and  as  lim- 
pid and  colourlefs  as  water, 

"When  you  obferve  that  no  more  Oil  comes  off,  unlute 
your  veffels ;  and  in  the  receiver  you  will  find  an  acidulated 
water,  and  the  ^ethereal  Oil  floating  on  it.  Thefe  two  li- 
quors may  be  eafily  feparated  from  each  other,  by  means  of 
a  glafs  funnel. 

In  the  cucurbit  will  be  left  feme  of  the  water  you  put  in& 
together  with  the  remainder  of  your  turpentine;  which, 
when  cold,  inftead  of  being  fluid  as  it  was  before  diftiliation, 
will  be  iblid,  and  of  the  confidence  of  a  refm,  and  is  then 
galled  Rofin. 

Put  this  refiduum  into  a  glafs  retort,  and  diftil  it  in  a  re- 
yerberatory  with  a  naked  fire,  gradually  increafed  according 
to  the  general  rule  for  all  diftillations.  At  firft,  with  a  de- 
gree of  heat  a  little  greater  than  that  of  boiling  water,  ycu 
will  fee  two  liquors  come  over  into  the  recipient;  on<~  of 
which  will  be  aqueous  and  acid,  the  other  will  be  a  rranfpa* 
rent,  limpid,  ycllcwifli  Oil,  floating  on  the  acid  liquor. 

Continue  your  diitillation,  increaling  your  fire  from  time 
to  time,  by  flow  degrees.  Thefe  two  liquors  will  continue 
to  come  off  together :  and  the  nearer  the  operation  draws  to. 
Its  end,  the  more  acid  will  the  aqueous  liquor  become,  and 
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the  thicker  and  deeper  coloured  will  the  Oil  grow.  At  laft 
the  Oil  will  be  very  thick,  and  of  a  deep  reddifh- yellow  co- 
lour. When  nothing  more  afcends,  uniute  your  veffds :  in 
the  retort  you  will  find  only  a  very  fmall  quantity  of  a  char- 
red, light,  friable  fubftance. 

OBSERVATIONS. 

All  Natural  Balfams,  as  well  as  Turpentine,  are  oily, 
aromatic  matters,  which  flow  in  great  quantities  from  the 
trees  containing  them,  either  fpontaneoufly,  or  through  inci- 
fions  made  on  purpofe.  As  thefe  matters  have  a  ftrong  fcent, 
it  is  not  furprifing  that  they  mould  greatly  abound  with  Ef- 
fential  Oils.  They  may  even  be  confidered  as  Eflenrial  Oils, 
that  naturally,  and  of  their  own  accord,  feparate  from  the 
vegetables  in  which  they  exift. 

Indeed  thefe  Natural  Balfams  differ  from  the  EfTential  Oils 
obtained  out  of  plants  by  difliilation,  in  this  alone,  that  the 
former  contain  a  greater  proportion  of  Acid ;  and,  for  that 
reafon,  are  thicker  than  Effencial  Oils  diftilled  with  the  heat 
of  boiling  water.  But  it  hath  been  (hewn,  that  thefe  fame 
diftilled  EfTential  Oils,  though  ever  fo  fluid  and  light  at  firft, 
gradually  lofe  their  tenuity  as  they  grow  old,  and  at  laft  be- 
come confiderably  thick.  On  that  occafion  we  obferved  that 
they  are  thus  changed,  becaufe  the  ligbteft,  moft  fluid,  and 
lean:  acid  parts,  are  little  by  little  difhpated  and  evaporated ; 
fo  that  at  laft  there  remains  only  the  thickeft  and  heavieft 
part,  which  owes  thefe  qualities  to  the  Acid  wherewith  it  is 
over-dofed. 

Hence  it  follows,  that  Natural  Balfams,  and  EfTential  Oils 
grown  thick  with  age,  are  exactly  one  and  the  fame  thing. 
Accordingly  we  fee  that  fire  and  difliilation  produce  the 
fame  effects  on  both.  The  rectification  of  an  Eflential  Oil, 
thickened  by  keeping,  is  nothing  but  a  decompofition  thereof 
of,  by  feparating,  with  the  heat  of  boiling  water,  all  thofe 
parts  that  are  light  enough  to  rife  with  that  degree  of  heat, 
from  what  is  fo  loaded  with  Acid  as  to  remain  fixed  therein. 

rl  his  operation  is  therefore  precifely  the  fame  as  our  tirft 
diftillation  of  Balfams  with  the  heat  of  boiling  water,  by 
which  the  EfTential  Oil  contained  in  them  is  drawn  off.  The 
refidues  of  thefe  two  operations  are  alfo  the  fame :  each  of 
them  is  a  thick  Oil,  loaded  with  Acid,  that  is  wholly,  or 
(nearly,  deprived  of  the  principle  of  odour  peculiar  to  the  ori- 
ginal vegetable,  and  requires  a  degree  of  heat  greater  than 
that  of  boiling  water  to  decompofe  it,  by  feparating  part  of 

the 


462  ELEMENTS     of     the         Scft.  i. 

the  Acid  from  the  Oil ;  which  will  be  rendered  flill  the  more 
fluid,  the  more  the  thickening  Acid  is  feparated  from  it  by 
repeated  diftillations. 

The  newer  Natural  Balfams  are,  the  thinner  they  are,  and 
the  more  Effential  Oil  do  they  yield  j  and  this  Effential  Oil, 
like  all  others,  grows  thick  in  time,  and  at  lad  turns  again 
to  an  actual  Balfam. 

Thefe  Balfams,  by  being  long  expofed  to  the  heat  of  the 
fun,  acquire  fuch  a  confidence  as  to  become  folid.  They 
then  take  another  name,  and  are  called  B.efins.  Reims  yield 
much  lefs  Effential  Oil,  when  diftilled,  than  Balfams  do. 
Hence  it  follows,  that  Reims  are  to  Balfams,  what  Balfams 
are  to  Effential  Oils.  All  thefe  effects  are  produced  by  the 
caufes  affigned  above,  and  confirm  the  analogy  we  have  efta- 
blifhed. 

We  have  no  other  obfervations  to  make  on  this  analyfis  of 
Turpentine,  except  that  when  Pvofin  is  diftilled  in  a  retort 
with  a  naked  fire,  the  operation  muft  be  carried  on  very 
ilowly,  and  the  fire  duly  governed  :  for  the  matter  is  apt  to 
fwell,  and  to  rife  in  fubiiance  into  the  receiver,  without  be- 
ing at  all  decompofed,  In  order  to  avoid  this  inconvenience, 
it  is  advifeable  to  make  ufe  of  a  long-bodied  retort,  fuch  as 
is  known  by  the  name  of  the  Englifb  Retort. 

If  you  flop  the  diftillation  of  Rofin  about  mid-way,  or 
when  the  Oil  that  comes  over  begins  to  grow  thick,  you  may, 
oy  changing  the  receiver,  keep  the  firft  Oil  apart :  it  is  pretty 
fluid,  and  of  a  middle  nature  between  the  ethereal  Oil,  ob- 
tained with  the  heat  of  boiling  water,  and  the  laft  thick  Oil, 
that  doth  not  rife  till  towards  the  end  of  the  diftillation. 
This  lad  thick  Oil  is  that  which  Mr.  Homberg  fired  with 
concentrated  Oil  of  Vitriol. 

If  we  examine  the  matter  contained  in  the  retort,  when 
the  diftillation  is  thus  flopped  ffoort,  it  appears,  when  cold, 
in  the  form  of  a  folid  fubftance,  almoft  perfectly  diaphanous, 
of  a  deep  reddifh-yellow  colour,  and  friable  :  It  is  known  by 
the  name  of  Colophony.     ■; 

This  analyfis  of  boiled  Turpentine,  is  a  fpecimen  of  the 
analyfis  of  almoft  all  other  refms;  fo  that  what  hath  been 
faid  on  this  occafion  is  in  a  manner  general,  and  applicable 
to  other  decompositions  of  the  fame  kind.  We  fhall  now 
proceed  to  examine  fome  other  oily  matters,  which  exhibit 
peculiar  phenomena,  and  do  not  come  under  the  general 
itiles. 


PRO- 
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PROCESS      II. 

The  Jnalyfls  of  Reflns  :  inflamed  in  Benjamim    The  Flowers 
and  Oil  of  Benjamin. 

INTO  a  pretty  deep  earthen  pot,  having  a  border  or  rim 
round  its  mouth,  put  the  Benjamin  you  intend  to  ana- 
lyze. Cover  the  pot  with  a  large  conical  cap  of  very  thick 
white  paper,  and  tye  it  on  under  the  rim.  Set  your  pot  in 
a  fand-bath,  and  warm  it  gently  till  the  Benjamin  melt. 
Continue  the  heat  in  this  degree  for  an  hour  and  half.  Then 
untie  the  paper  cap  and  take  it  off,  making  it  as  little  as 
poffible.  You  will  find  all  the  infide  of  the  cap  covered 
with  a  great  quantity  of  beautiful,  white,  fhining  Flowers, 
in  the  form  of  little  needles.  Brum  them  off  gently  with  a 
feather,  put  them  into  a  bottle,  and  flop  it  clofe. 

As  foon  as  you  take  off  the  firft  cap,  cover  your  pot  im- 
mediately with  a  fecond  like  the  former.  In  this  manner  go 
on  till  you  perceive  the  Flowers  begin  to  grow  yellowifh  ; 
and  then  it  is  proper  to  delift. 

The  matter  left  in  the  pot  will  be  blackim  and  friable 
when  cold.  Pulverize  it  j  mix  it  with  fand  ;  and  diftil  it  in 
a  glafs  retort  with  a  graduated  heat.  There  will  come  over  a 
light  Oil,  of  a  fragrant  fcent,  but  in  very  fmall  quantity  ;  a 
little  of  an  acid  liquor,  and  a  great  quantity  of  a  red  thick 
Oil.  There  will  be  left  in  the  retort  a  charred,  fpongy  fub- 
ftance. 

OBSERVATIONS. 

All  oily  matters,  that  are  naturally  thick  and  in  a  con- 
crete form,  refemble  each  other  in  this,  that  they  derive 
thefe  qualities  from  an  Acid  combined  with  them.  But  they 
neverthelefs  differ  greatly  from  one  another  in  many  refpe&s. 
The  quality,  the  quantity,  of  the  Acid  to  which  they  owe 
their  confidence,  and  the  manner  in  which  it  is  united  with 
them,  diverfify  them  a  thoufand  ways. 

In  the  preceding  procefs  we  advanced,  that  Natural  Bal- 
fams  are  diftinguifhed  from  R.efins  by  their  containing  fo 
much  more  Oil,  in  proportion  to  their  Acid,  as  fuffices  to 
render  them  almoft  fluid.  For  this  reafon  they  yield  an  Ef* 
fentiai  Oil :  whereas  Refins,  on  the  contrary,  are  folid ;  all 
their  Oil  being  loaded  and  weighed  down  with  a  great  quan- 
tity of  Acid,  fo  that  no  Effential  Oil  can  be  drawn  from 
them. 

We 
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"We  obferved  at  the  fame  time,  that,  when  all  the  Effential 
Oil  contained  in  a  Natural  Balfam  is  drawn  off,  -with  the 
heat  of  boiling  water,  the  refidue  takes  a  folid  confiftence, 
and  refembles  a  Refin.  In  fact,  almoft:  all  Pvefins  yield,  by 
diftilktion,  the  fame  principles  as  that  refidue;  that  is,  an 
Oil  of  a  middling  nature  between  Effential  Oils  and  thick 
Oils,  in  point  of  lightnefs  and  fluidity;  the  whole  being  al^ 
•ways  accompanied  with  an  Acid  diffufed  in  phlegm. 

In  confequence  hereof,  the  analyfis  of  Benjamin,  describ- 
ed in  the  proeefs,  appears  to  vary  much  from  that  of  other 
Refins:  for  here  we  fee  a  volatile  matter  in  a  concrete  form  y 
namely,  the  white  Flowers  that  rife  firft;  which  doth  not 
ufually  occur  in  the  analyfis  of  Refins.  Yet,  if  we  examine 
the  matter,  we  fhall  be  convinced  that  it  is  very  analagous  to 
one  of  the  principles  obtainable  from  all  P*efms ;  that  indeed 
it  differs  therefrom  in  fome  of  its  properties,  particularly  in 
its  external  form  ;  but  that  it  is  in  reality  the  very  fame. 

In  facl,  the  Flowers  of  Benjamin  are  no  other  than  an 
Oily  Acid,  nearly  of  the  fame  nature  with  thofe  obtained 
from  all  other  vegetable  fubftances;  but  which,  inftead  of 
being  liquid  like  them,  appears  in  a  dry  concrete  form,  and 
in  a  manner  cryftallized.  It  probably  derives  this  property 
from  its  Oil  being  combined  with  its  Acid,  either  in  greater 
quantity,  or  in  a  more  intimate  manner,  than  in  the  reft, 
and  fo  ftrongly  united  therewith  as  not  to  be  feparated  from 
it  by  a  fubliming  heat ;  or  from  hence,  that  the  compound, 
of  which  it  is  a  part,  contains  too  little  phlegm  to  difTolve  it; 
or  elie,  that  it  is  hindered  from  difiblving  therein  by  the  Oil 
with  which  it  is  combined*  Perhaps  all  thefe  caufes  may 
concur  together  in  producing  its  concrete  form. 

The  faline  character  of  this  fubftance  appears  chiefly  from 
its  being  fallible  in  water :  but  the  water  muft  be  very  hot, 
and  even  boiling,  before  it  will  effect  this  folutton  •,  and 
when  it  cools,  the  Salt  (boots  into  fine  needles  at  the  bot- 
tom. This  phenomenon  direcls  us  to  a  method  of  Separat- 
ing it  from  Benjamin  without  fublimation. 

For  this  purpofe  the  Refin  muft  be  boiled  in  water:  the 
water  will  then  dhToIve  the  Salt;  and,  as  it  cools,  the  Salt 
will  crvftaliize,  and  may  be  eafily  coilecled.  But  as  the  Oil, 
with  which  the  Acid  is  combined,  hinders  the  water  frcm 
diffolving  it  (o  eafiiy  as  it  otherwife  would,  we  cannot  obtain 
quite  fo  much  of  it,  from  the  fame  quantity  of  Benjamin, 
by  decoction  as  by  fublimation  j  the  laft  portions  thereof  be- 
ing united  with  a  great  quantity  of  Oil,  which  defends  them 
againft  the  adion  of  the  water.     This  Salt  diflblves  readily 

in 
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in  Spirit  of  Wine,  on  account  of  the  Oil  combined  with  it. 
A  courfe  of  well  connected  experiments  might  give  us  a  far 
greater  infight  into  its  natural  properties  than  we  can  now 
boaft  of. 

Benjamin  yields  a  much  fmaller  quantity  of  fluid  Oil  by 
diftillation  than  other  Refins  do ;  becaufe  the  greateft  part  of 
its  Oil  is  employed  in  the  compofition  of  its  oily,  volatile, 
acid  Salt.  The  thick  Oil  drawn  from  this  Retin,  is  thicker 
than  that  obtained  from  any  other  Refin,  and  even  fixes  like 
butter  when  cold ;  nor  can  we  get  more  than  a  very  fmall 
quantity  of  Acid  in  a  diftincl;  liquor.  All  thefe  effects  de- 
pend on  what  we  mentioned  above*  in  relation  to  its  faline 
flowers  :  to  wit,  the  peculiar  and  intimate  union  between  the 
Acid  and  Oily  part  of  this  Refin,  fo  that  the  fire  cannot  fo 
eafily  or  fo  perfectly  disjoin  them,  as  it  doth  thofe  of  other 
Refins. 

Benjamin,  when  diftilled,  leaves  in  the  retort  much  more 
of  a  charred  coal  than  is  left  by  moft  other  refinous  matters^ 
This  may  be  owing  to  the  considerable  quantity  of  earthy 
matter  which  it  contains,  and  which,  perhaps,  may  alio  be 
one  of  the  caufes  that  contribute  to  give  its  Salt  a  concrete 
form. 


REFLECTIONS 

On  the  Nature  and  Properties  of  Camphor. 

WE  do  not  propofe  to  give  an  analyfis  of  this  lingular 
body ;  becaufe  hitherto  there  is  no  procefs  known 
in  Chymiitxy  by  which  it  can  be  decompofed.  We  fhall 
therefore  content  ourfelves  with  reciting  its  principal  proper- 
ties, and  making  a  few  reflections  on  its  nature. 

Camphor  is  an  oily  concrete  fubftance ;  a  kind  of  Refin j 
brought  to  us  from  the  illand  of  Borneo,  but  chiefly  from 
Japan.  This  fubltance  refembles  Refins,  in  being  inflamma- 
ble, and  burning  much  as  they  do ;  it  is  not  foluble  in  water, 
but  difiblves  entirely  and  perfectly  in  Spirit  of  Wine ;  it  is 
eafily  feparated  again  f:om  this  menftruum,  as  all  other  oily 
matters  are,  by  the  addition  of  water ;  it  diflblves  both  in  ex- 
prefied  and  in  diftilled  Oils;  it  hath  a  very  ftrong  aromatic 
fmell.  Thefe  are  the  chief  properties  which  Camphor  pof- 
felTes  in  common  with  Refins  :  but  in  other  refpects  it  differ* 
totally  from  them^  efpecially  in  the  following  particulars. 

3  N  Camphor 
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Camphor  takes  fire  and  flames  with  vaftly  more  eafe  than 
any  other  Pvcfin.  It  is  fo  very  volatile,  that  it  vanifhes  en- 
tirely in  the  air,  without  any  other  heat  than  that  of  the  at- 
mofphere.  In  diftillation  it  rifes  entire,  without  any  decom- 
pofition,  or  even  the  leaft  alteration.  It  difTolves  in  concen- 
trated mineral  Acids;  but  with  circumftances  very  different 
from  thofe  that  attend  other  oily  or  refinous  fubftances.  The 
dirToiution  is  accompanied  with  no  effervefcence,  no  fenfiblc 
heat ;  and  confequently  can  produce  no  inflammation.  Acids 
do  not  burn,  blacken,  or  thicken  it,  as  they  do  other  oily 
matters ;  on  the  contrary,  it  becomes  fluid,  and  runs  with 
them  into  a  liquor  that  looks  like  Oil* 

Camphor  doth  not,  like  other  oily  matters,  acquire  a  dif- 
pofition  to  diffolve  in  water  by  the  union  it  contracts  with 
Acids ;  though  its  union  with  them  feems  to  be  more  inti- 
mate than  that  of  many  oily  matters  with  the  fame  Acids. 
On  the  contrary,  if  a  combination  of  Camphor  and  an  Acid 
be  diluted  with  water,  thefe  two  fubftances  inftantly  feparate 
from  each  other :  the  Acid  unites  with  the  water,  and  the 
Camphor,  being  entirely  difengaged  from  it,  fwims  on  the 
furface  of  the  liquor.  Neither  Volatile  Alkalis,  nor  the  moft 
cauftic  Fixed  Alkalis,  can  be  brought  into  union  with  it;  for 
it  always  eludes  their  power. 

Notwithftanding  thefe  wide  differences  between  Camphor 
and  all  other  oily  and  refinous  fubftances,  the  rule,  that 
Acids  thicken  Oils,  feems  to  be  univerfal,  and  fo  conftantly 
obferved  by  nature,  that  we  cannot  help  thinking  this  fub- 
ftance,  like  all  the  reft,  is  an  Oil  thickened  by  an  Acid, 
But  what  Oil  ?  What  Acid  ?  and  how  are  they  united  ?  This 
is  a  fubje6t  for  very  curious  inquiries. 

With  a  yellow  Oil  drawn  from  wine,  and  an  acid  vinous 
Spirit,  of  which  we  {ball  fay  more  under  the  article  of  ^Ether, 
Mr.  Hellot  made  a  kind  of  artificial  Camphor ;  a  fubftance 
having  the  odour,  favour,  and  inflammability  of  Camphor; 
an  imperfect  Camphor.  True  Camphor  hath  the  levity,  the 
volatility,  and  the  inflammability  of  iEther.  Can  it  be  a 
fubftance  of  the  fame  nature  with  ^Ether,  a  kind  of  iblid 
iEther,-  an  xEther  in  a  concrete  form  ? 
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PROCESS     III. 

The  Analyfis  of  Bitumens  :  inftanced  in  Amber.     The  Vola- 
tile Salt  and  Oil  of  Amber. 

INTO  a  glafs  retort  put  fomc  fmall  bits  of  Amber,  fo  as  to 
fill  but  two  thirds  of  the  veffel.  Set  your  retort  in  a  fur- 
nace covered  with  its  dome;  fit  on  a  large  glafs  receiver; 
and,  beginning  with  a  very  gentle  heat,  diftil  with  de- 
grees of  fire.  Some  phlegm  will  firft  come  off,  which  will 
gradually  grow  more  acid,  and  be  fucceeded  by  a  Volatile 
Salt,  figured  like  fine  needles,  that  will  Hick  to  the  fides  of 
the  receiver. 

Keep  the  fire  up  to  this  degree,  in  order  to  drive  over  all 
the  Salt.  When  you  perceive  that  little  or  none  rifes,  change 
the  receiver,  and  increafe  your  fire  a  little.  A  light,  clear, 
limpid  Oil  will  afcend.  As  the  diftillation  advances,  this 
Oil  will  grow  higher  coloured,  lefs  limpid,  and  thicker,  till 
at  lad  it  will  be  opaque,  black,  and  have  the  confidence  of 
Turpentine. 

When  you  perceive  that  nothirig  more  comes  off,  though 
the  retort  be  red-hot,  let  the  fire  go  out.  You  will  have  in 
the  retort  a  black,  light,  fpongy  coal.  If  you  have  taken 
care  to  ill i ft  the  receiver,  from  time  to  time,  during  the  di- 
ftillation of  your  Oil,  you  will  have  fundry  feparate  portions 
thereof,  each  of  which  will  have  a  different  degree  of  tenuity 
or  thicknefs,  according  as  it  came  over  at  the  beginning,  or 
towards  the  end  of  the  diftillation. 

OBSERVATIONS- 

The  fubftance  of  which  we  have  here  given  the  analyfis, 
together  with  all  others  of  the  fame,  that  is,  of  the  Bitumi- 
nous kind,  is  by  moft  Chymifts  and  Naturalifts  claffed  with 
Minerals :  and  fo  far  they  are  right,  that  we  actually  get 
thefe  mixts,  like  other  minerals,  out  of  the  bowels  of  the 
earth,  and  never  procure  them  immediately  from  any  vege- 
table or  animal  compound.  Yet  we  have  our  reafons  for 
proceeding  otherwife,  and  for  thinking  that  we  could  not,  in 
this  work,  place  them  better,  than  immediately  after  thole 
vegetable  fubftances  which  we  call  Refins. 

Several  motives  determine  us  to  act  in  this  manner.  The 
analyfis  of  Bitumens  demonftrates,  that,  with  regard  to  the 
principles  of  which  they  confift,   they  are  totally  different 
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from  every  other  kind  of  mineral;  and  that,  on  the  contra- 
ry, they  greatly  refemble  vegetable  Refins  in  almoft  every 
refpecl;.  In  fhort,  though  they  are  not  immediately  procured 
from  vegetables,  there  is  the  greateft  reafon  for  believing 
that  they  were  originally  of  the  vegetable  kingdom,  and  that 
they  are  no  other  than  refmous  and  oily  parts  of  trees  or 
plants,  which,  by  lying  long  in  the  earth,  and  there  contract- 
ing an  union  with  the  mineral  Acids,  have  acquired  the  qua- 
lities that  diftinguifh  them  from  Refins. 

Min<  ralcgifts  know  very  well  that  we  find,  every  where  in 
the  earth,  many  vegetable  fubftances,  that  have  lain  very 
long  buried  under  it,  and  frequently  at  a  confiderable  depth. 
It  is  not  uncommon  to  find,  under  ground,  vaft  beds  of  fof- 
(ile  trees,  which  feem  to  be  the  remains  of  immenfe  forefts  : 
and  Bitumens,  particularly  Amber,  are  often  found  among 
this  fubterraneous  wood. 

Thefe  confederations,  joined  to  proofs  drawn  from  their 
anaiyfis,  make  this  opinion  more  than  probable:  nor  are  we 
fingular  in  maintaining  it,  as  it  is  adopted  by  many  able  mo- 
dern Chymifts. 

The  anaiyfis  of  Amber,  above  defcribed,  may  ferve  as  a 
general  fpecimen  of  the  decompofition  of  other  Bitumens : 
with  this  fingle  difference^  that  Amber  is  the  only  one  a- 
mong  them  which  yields  the  Volatile  Salt  aforefaid  ;  and  this 
determined  us  to  examine  it  preferably  to  any  other.  As  for 
the  reft,  they  all  yield  a  phlegm,  an  acid  liquor,  and  an  Oil ; 
which  is  thin  at  firft,  but  grows  thicker  and  thicker,  as  the 
diftillation  draws  towards  an  end.  It  muft  be  underitood, 
however,  that  thefe  Acids  and  thefe  Oils  may  differ,  accord- 
ing to  the  nature  of  the  Bitumens  from  which  they  are 
drawn ;  juft  as  the  Phlegm,  the  Acid,  and  the  Oil,  reflat- 
ing from  the  decompofition  of  Piefins,  differ  in  quantity  and 
quality,  according  to  the  nature  of  the  Refins  from  which 
they  are  procured. 

The  principal  differences  obferved  between  Refins  and  Bi- 
tumens are  thefe:  the  latter  are  lefs  foluble  in  Spirit  of 
"Wine;  have  a  peculiar  fcent,  which  cannot  be  accurately  de- 
fcribed,  and  of  which  the  fenfe  of  fmelling  only  can  judge; 
and  their  Acid  is  ftronger  and  more  fixed.  This  laft  proper^ 
ty  is  one  of  the  motives  which  induce  us  to  think,  that,  be- 
sides the  vegetable  Acid,  originally  combined  with  the  refin- 
ous  or  oily  matter  now  become  a  Bitumen,  a  certain  quanti- 
ty of  mineral  Acid  hath,  in  a  courfe  of  time,  been  fuper- 
added  to  conftitute  this  mixt.  We  fhall  prefently  fee  that 
the  fatfc  is  certainly  io,  in  the  cafe  of  Amber  at  leaft. 
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Almoft  all  authors,  who  mention  the  analyfis  of  Amber, 
have  given  different  accounts  of  the  volatility  of  its  Salt,  and 
of  the  time  of  the  diflillation  when  it  begins  to  rife.  Some 
make  it  afcend  immediately  after  the  firft:  acid  phlegm. 
Others  fay,  that  it  doth  not  begin  to  appear  till  after  the  firft 
thin  Oil;  and  others  again  affirm,  that  it  comes  over  with 
the  laft  thick  Oil.  Mr.  Bourdelin,  who  hath  examined  this 
matter  to  tfre  bottom,  in  a  Memoir  on  the  analyfis  of  Am- 
ber given  in  to  the  xA.cademy,  very  judiciouily  remarks,  that 
the  different  refults  which  thofe  Chymifts  met  with  in  ana- 
lvzing  our  mixt,  arofe  wholly  from  the  difFerent  manner 
■wherein  each  conducted  his  fire  during  the  operation. 

It  is  certain  that  fuch  a  caufe  is  capable  of  producing  vaft 
differences  :  for  when  fire  is  haftily  applied,  or  made  too  vio- 
lent, it  not  only  confounds  and  tumukuoufiy  mingles  the 
principles  of  the  body  to  be  analyzed,  but  it  even  frequently 
drive«  up  the  entire  fubftance  itfeif  out  of  the  retort  into  the 
receiver,  without  decompofmg  it  at  all.  This  is  really  fo  in 
the  cafe  of  Amber,  and  of  aimoft  all  compound  fubfiances 
that  are  not  extremely  fixed. 

It  ought  therefore  to  be  obferved,  as  a  general  and  im- 
portant rule  in  every  analyfis,  to  adminifter  the  fire  exceed- 
ing flowly  and  cautioufly,  as  one  can  never  err  on  that  fide; 
and  to  increafe  it  only  by  fuch  degrees  as  appear  neceffary  for 
carrying  on  the  diftillation.  By  obferving  this  method,  an 
accurate  analyfis  will  be  attained :  by  this  means  the  Salt  of 
Amber  will  rife  before  the  Oil ;  whereas,  if  a  degree  of  heat 
fufrkient  to  raife  the  thin  Oil,  or  even  the  thick  Oil,  be  ap- 
plied at  firft,  the  Salt  will  accordingly  come  over  with  the 
one  or  the  other  of  thefc  Oils. 

Chymifts  remained  a  long  time  unacquainted  with  the  na- 
ture of  this  Salt  of  Amber,  and  authors  of  the  greateft  name 
-agreed  as  little  on  this  point  as  on  that  juft  mentioned. 
Some  afferted  it  to  be  a  Volatile  Salt  of  the  fame  kind  with 
that  which  is  obtained  from  animal  fulftanees  ;  that  is,  a 
Volatile  Alkali :  others,  on  the  contrary,  pretended  that  it 
was  an  Acid  of  a  fingular  nature. 

It  is  very  furprifing  that  fuch  authors  fhould  difagree  on. 
fuch  a  point,  confidering  how  eafily  it  may  be  ascertained 
whether  this  Salt  be  really  an  Acid  oran  Alkali.  Mr.  Bour- 
delin juftly  decides  the  queftion  in  favour  of  thofe  who  affirm 
it  to  be  an  Acid.  In  fact  it  hath  all  the  properties  of  aiv 
Acid  :  it  hath  the  tafte  of  one,  forms  Neutral  Salts  with  Al- 
kalis, and  differs  from  the  moft  unqueftionable  Acids  in  this 
alone,   that,   being  combined  with  a  portion  of  Oil  and  a 
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fmall  quantity  of  earth,  thefe  give  it  a  concrete  form;  which 
is  not  a  iblirary  cafe  in  Cbymiltry,  as  is  evident  from  Cream 
of  Tartar.  With  regard  to  its  Volatility,  there  is  nothing 
in  that  repugnant  to  the  properties  of  its  conftituent  princi- 
ples ;  feeing  the  Acid  and  the  Oil  predominant  therein  may 
eafily  be  fuppefed  to  communicate  their  volatile  nature  to  the 
imall  portion  of  earth  with  which  they  are  combined. 

Thofe  Chymifts  who  looked  upon  the  Salt  of  Amber  as  a 
Volatile  Alkali,  either  did  not  examine  it  thoroughly,  but. 
contented  themfelves  with  its  firft  appearance,  in  which  it 
refembles  the  Volatile  Salt  of  animals,  or  elfe  were  led  into 
the  error  by  fome  particular  circumltances.  We  know,  for 
example,  that  animal  as  well  as  vegetable  fubftances  are  dug 
out  of  the  earth.  The  infects,  fometimes  found  inclofed  in 
lamps  of  Amber,  fufficiently  prove  this.  Perhaps  they  made 
their  experiments  on  fuch  pieces  of  Amber;  or  eHe,  that 
which  they  ufed  might  be  mixed  with  fome  animal  fubftance 
not  very  perceptible.  In  fuch  a  cafe,  it  would  be  no  wonder 
if  the  Volatile  Salt  obtained  fhouid  (hew  fome  tokens  of  an 
Alkali :  for  the  Volatile  Alkali  arifing  from  the  animal  mat- 
ter would  only  be  mixed,  not  combined,  with  the  Salt  of  the 
Amber;  as  the  great  quantity  of  the  Oil,  in  which  both 
thefe  Salts  are  entangled,  would  hinder  them  from  diffolving 
each  other,  and  forming  fuch  a  Neutral  Salt  as  would  be  pro- 
duced in  other  circumftances. 

The  acid  or  alkaline  nature  of  the  Salt  of  Amber  was  not 
the  only  point  that  remained  to  be  difcuiTed  on  this  occafion. 
Its  acid  quality  being  once  clearly  afcertained,  the  nature  of 
this  Acid  was  next  to  be  determined.  This  is  the^  object, 
chiefly  aimed  at  in  Mr.  Bourdelin's  Memoirs,  and  his  difco- 
very  thereof  is  unqueftionably  one  of  the  fineft,  and  at  the 
fame  time  one  of  the  moft  difficult,  that  could  be  attempted 
with  regard  to  this  Bitumen. 

It  appears  plainly  from  feveral  experiments,  of  which  we 
have  given  an  account  in  the  courfe  of  this  work,  thac  the 
ftronged  mineral  Acids,  by  being  combined  with  an  oily 
matter,  are  fo  vaftly  altered,  and  fo  ftrangely  difguifed,  that 
we  not  only  are  incapable  of  diftinguifhing  what  they  are, 
but  even  can  hardly  avoid  decompoling,  and  partly  deitroy- 
ing  them,  by  thofe  very  operations  which  feem  the  belt  adapt- 
ed to  feparate  them  from  the  Oil  in  which  they  are  invifcat* 
ed.  Mr.  Bourdelin  had  all  thefe  difficulties  to  furmount, 
and  inceffantly  met  with  new  obftacles  in  that  troublefome 
fatty  matter,  which,  like  an  impenetrable  veil,  concealed 
from  his  view  the  Acid  whofe  nature  he  wanted  to  difcover. 

But 
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But  at  laft,  by  dint  of  manifold  experiments,  he  happily 
gained  his  end.  Two  parts  of  pure  Nitre,  unadulterated 
with  the  lead  particle  of  Sea-falt,  and  one  part  of  Amber, 
pulverized  and  mingled  together,  procured  him,  by  deflagra- 
tion, a  Salt  partly  neutral  and  partly  alkaline;  which  being 
lixiviated,  and  fet  to  evaporate  fpontaneoufly,  there  formed 
at  the  bottom  a  refidue  of  a  mucilaginous,  pappy,  whiuiih 
matter,  amongft  which  he  could  difiinguifh  cryftals,  that 
Were  very  tranfparent,  regularly  figured,  of  a  cubical  form, 
but  rather  oblong ;  fo  that  they  reprefentcd  little  oblong 
fquares  moft  exactly  formed,  and  about  half  a  line  thick. 

As  thefe  cryftals  perfectly  refembled,  in  their  figure,  the 
Neutral  Salt  produced  by  a  combination  of  the  Acid  of  Sea- 
falt  with  the  alkaline  bafis  of  Nitre;  this  was  a  proof  to  Mr, 
Bourdelin  that  the  Acid  of  Amber  is  of  the  fame  kind,  or 
rather  exactly  the  fame,  with  that  of  Sea-falt.  The  Nitre 
being  alkalizated  by  means  of  the  phlogifton  of  the  Amber, 
the  Acid  of  the  Bitumen,  finding  this  Alkali  a  proper  bafis 
to  fix  in,  unites  with  it,  and  by  that  means  is  enabled  to  re- 
fill the  action  of  the  fire,  fo  as  not  to  be  carried  off  by  it. 

On  the  other  hand,  it  is  feparated  from  the  fat  matter  by 
which  it  was  mafked  before;  for  by  the  help  of  this  fat  mat- 
ter the  Nitre  is  alkalizated.  The  Acid,  having  by  this  means 
recovered  all  its  properties,  begins  to  difcover  them,  as  hath 
been  faid,  by  the  figure  it  conftantly  gives  to  the  cryftals  of 
the  Neutral  Salt  which  it  helps  to  conftitute. 

Moreover,  this  Neutral  Salt  hath  all  the  efTential  proper- 
ties of  Sea-falt.  It  hath  its  tafte  ;  it  decrepitates  in  the  fame 
manner  on  live  coals;  if  Oil  of  Vitriol  be  poured  on  it, 
white  vapours  arife,  which  have  the  fmell  of  Spirit  of  Salt, 
and  are  an  actual  Spirit  of  Salt.  Laftly,  it  makes  a  white 
precipitate  of  Mercury  difTolved  in  Spirit  of  Nitre,  and  a 
tuna  cornea  of  Silver  difTolved  in  the  fame  Spirit;  which  laft 
proofs  would  alone  be  fufficient  to  eftablifh  Mr.  Bourdelin's 
opinion,  though  we  had  no  other. 

It  were  to  be  wifhed  that  the  experiments  which  Mr.  Bour- 
delin hath  made  on  Amber  were  alio  tried  on  other  Bitumens. 
There  is  reafon  to  think  they  would  be  found  to  contain  ei- 
ther the  Marine  or  the  Vitriolic  Acid  :  for  though  they  do 
not  yield  a  Volatile  Salt,  as  Amber  doth,  in  diftiilation,  yet 
the  Acids  obtained  from  them  are  very  ftrong,  and  appear, 
as  we  faid  before,  to  have  a  mineral  origin.  Mr.  Geoffrey 
obferved,  that  Amber,  being  pulverized  and  ihfufed  in  hot 
wa:er,  parts  with  its  Salt  in  the  fame  manner  as  Benjamin 
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does;  which  gives  room  to  fufpect  that  Amber  is  to  Bitu* 
mens  what  Benjamin  is  to  Refins. 


PROCESS     IV. 

The  Analyfis  of  Bees-Wax,  and  fuch  Oily  Compounds  as  are 
analogous  to  it. 

MELT  the  Wax  you  intend  to  analyze,  and  mix  with 
it  as  much  fine  fand  as  will  make  it  into  (tiff  pafte. 
Put  this  pafte  in  little  bits  into  a  retort,  and  diftil  as  ufual, 
with  a  graduated  fire,  beginning  with  a  very  gentle  heat. 
An  acid  phlegm  will  come  over,  and  be  followed  by  a  liquor 
which  at  firft  will  look  like  an  Oil,  but  will  ibon  congeal  in 
the  receiver,  and  have  the  appearance  of  a  butter  or  greafe. 
Continue  the  diftillation,  increafing  the  fire  by  infenfible  de- 
grees, till  nothing  more  will  come  off.  Then  feparate  the 
butter  from  the  acid  phlegm  in  the  receiver,  mix  it  with 
frefh  fand,  and  diftil  it  again  juft  as  you  did  the  Wax  before. 
Some  acid  phlegm  will  dill  come  off,  and  an  Oil  wili  afcend, 
which  will  not  fix  in  the  receiver,  though  it  be  ftill  thick. 
Continue  the  diftillation,  with  a  fire  ib  governed  that  the 
drops  may  fucceed  each  other  at  the  diftance  of  fix  or  feven 
feconds  of  time.  Do  not  increafe  it,  till  you  perceive  the 
drops  fall  more  flowly ;  and  then  increafe  it  no  more  than  is 
neceflary  to  make  the  drops  follow  each  other  as  above  direcl:- 
ed.  When  the  diftillation  is  finiftied,  you  will  find  in  the 
receiver  the  Oil  come  wholly  over,  and  a  little  acid  phlegm. 
Separate  the  Oil  from  this  liquor;  and,  if  you  defire  to  have 
it  more  fluid,  re-diftil  it  a  third  time  in  the  fame  manner. 

OBSERVATIONS. 

Bees-Wax,  like  all  other  oily  matters  in  a  concrete  form, 
is  an  Oil  thickened  by  an  Acid.  Its  decompoiition  fur  nifties 
us  with  a  very  convincing  proof  of  this  truth ;  which,  you 
fee,  is  confirmed  more  and  more,  by  every  new  analyfis  we 
make  of  fuch  fubftances. 

Wax  doth  not  part  with  all  its  Acid  in  the  firft  diftilla- 
tion :  and  this  is  the  reaibn  that  it  doth  not  then  become  a 
fluid  Oil,  but  a  butter,  which  hath  only  a  degree  of  loftnefa 
proportioned  to  the  quantity  of  Acid  feparated  from  it.  The 
fame  thing  holds  with  regard  to  its  buiter ;  which  lofing,  by 
a  fecond  diftillation,    a  great  part  of  the  remaining  Acid 

which 
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which  caufed  its  confidence,  is  by  that  means  turned  to  an 
Oil.  Laftly,  this  Oil,  from  being  thick,  becomes  very  fluid 
by  a  third  diftillation,  and  fo  follows  the  general  rule  of  Oils ; 
which  always  become  the  more  fluid  the  oftener  they  are  di- 
ftilled  or  rectified. 

What  is  here  faid  concerning  Wax  is  applicable  to  Refins. 
alfo;  which  it  further  refembles  in  its  confidence,  and  its  re- 
futing to  diffolve  in  water :  yet  it  differs  from  them  effential- 
ly  in  feveral  refpe£ts ;  and  for  this  reafon  we  thought  proper 
to  treat  of  it  in  particular.  The  properties  in  which  it  dif- 
fers from  Refins  are  thefe  : 

Firft,  It  hath  no  aromatic  fcent,  nor  acrid  tafte,  as  Refins 
have. 

Secondly,  It  doth  not  yield  a  thin  limpid  Oil,  in  the  firft 
diftillation,  as  they  do. 

Thirdly,  Its  Oil,  or  its  butter,  doth  not  grow  fenfihly 
thicker  with  age.  Mr.  Boerhaave  kept  fome  butter  of  Bees- 
Wax  for  twenty  years,  in  a  veffel  that  was  not  ftopt,  but  on- 
ly covered  with  a  bit  of  paper;  yet  it  did  not  grow  hard* 
An  EiTential  Oil,  though  kept  much  clofer  fhut  up,  would 
in  much  lefs  time  have  acquired  the  confidence  of  a  Baifam  5 
and  a  Baifam,  in  that  time,  would  have  become  a  Refim 

Fourthly,  Bees-Wax  is  not  foluble  in  Spirit  of  "Wine; 
whereas  it  is  the  very  nature  of  Refins  to  diffolve  in  that 
menftruum. 

Fifthly,  I  have  obferved  that  Spirit  of  Wine  acT:s  faint- 
ly on  the  butter  of  Bees-Wax;  diffolves  that  butter  when  di- 
ftilled  to  an  Oil ;  unites  more  readily  with  that  Oil  when 
rectified  by  a  third  diftillation ;  and  diftolves  it  ftill  the  more 
readily  rhe  oftener  it  is  diftilled.  Refins,  on  the  contrary, 
are  more  foluble  in  Spirit  of  Wine  than  the  thin  Oils  drawn 
from  them  ;  and  thofe  Oils  acquire  the  property  of  refilling 
that  menftruum  more  and  more  obftinately  the  oftener  they 
are  rectified. 

By  thefe  differences  we  may  judge  whether  it  be  proper  to 
confound  Bees-Wax  with  Refins,  or  whether  it  ought  not 
rather  to  be  confidered  as  an  oily  compound  of  a  lingular 
fpecies,  which  deferves  to  be  ranked  in  a  different  clafs,  or 
at  leaft  in  fome  other  divifion. 

If  we  take  the  moft  curfory  view  of  the  properties  of  Ef- 
fential  Oils,  and  compare  them  with  thofe  of  Fat  Oils,  we 
cannot  avoid  being  ftruck  with  a  refemblance  between  the 
properties  of  EiTential  Oils  and  thofe  of  Refins,  as  well  as 
with  the  apparent  conformity  between  the  properties  of  Fat 
Oils  and  thofe  of  Bees- Wax:  from  all  which  we  may  con- 
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elude  with  good  reafon,  in  my  opinion,  that  the  Oil  of  Bees- 
Wax  is  not  of  the  fame  nature  with  that  of  Pvefins.  The 
Oil  of  Refins  hath  all  the  properties  of  an  EfTential  Oil,  and 
is  juftly  allowed  to  be  an  EfTential  Oil  rendered  thick  and 
ponderous  by  an  Acid.  The  Oil  of  Bees-Wax,  on  the  con- 
trary, hath  all  the  properties  of  Fat  Oils ;  and  there  is  great 
room  to  think,  that  this  fubftance  is  really  no  other  than  a 
Fat  Oil  hardened  by  an  Acid. 

Bees-Wax  is  not  the  only  oily  compound  that  appears  to 
have  a  Fat  Oil  for  its  bafis.  Certain  fhrubs  in  America 
yield,  by  decoction,  a  fubftance  that  hath  all  the  proper- 
ties of  Bees- Wax,  coffering  therefrom  only  in  its  colour, 
which  is  green.  The  Butter  of  Cacao  is  alfo  a  fubftance  a- 
naiogous  to  Bees-Wax,  and  would  be  really  Wax,  if  it  were 
but  as  hard ;  for  it  contains  the  fame  principles,  but  in  dif- 
ferent proportions  :  in  fhort,  it  is  to  Bees-Wax  what  Balfams 
are  to  Refins. 


PROCESS     V. 

The  Saccharine  Juices   of  Plants   analyzed:    injlanced  in 

Honey. 

PUT  into  a  (tone  cucurbit  the  Honey  you  intend  to  diftil  j 
fet  it  in  a  moderate  fan d- heat,  and  evaporate  the  great- 
eft  part  of  its  humidity,  till  you  perceive  the  phlegm  begin 
to  be  acid.  Then  take  out  the  matter  remaining  in  the  cu- 
curbit, put  it  into  a  retort,  leaving  a  full  third  thereof  empty, 
and  diftil  in  a  reverberatory  with  degrees  of  fire.  An  acid, 
amber-coloured  liquor  will  come  over.  As  the  operation 
advances,  this  liquor  will  continually  become  deeper  colour- 
ed and  more  acid,  and  at  the  fame  time  a  little  black  Oil 
will  afcend.  When  the  diftillation  is  over,  you  will  find  in 
the  retort  a  pretty  large  charred  inafs,  which  being  burnt  in 
the  open  air,  and  lixiviated,  affords  a  Fixed  Alkali. 

OBSERVATIONS. 

If  we  confider  nothing  but  the  nature  of  the  principles 
obtained  from  Honey,  we  may  be  induced  to  think  that  this 
fubftance  is  of  the  fame  kind  with  Refins ;  for  we  get  from 
each  a  Phlegm,  an  Acid,  an  Oil,  and  a  Coal.  Yet  there  is 
a  very  great  difference  between  thefe  two  forts  of  compounds. 
Oily  matters  of  the  refinous  kind  are  very  inflammable,  and 

by 
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by  no  means  foluble  in  water :  Honey,  on  the  contrary,  is 
not  inflammable  in  its  natural  ftate;  will  not  flame  till  it  be 
half  confumed,  or  turned  almoft  to  a  coal,  by  the  fire ;  and 
mixes  readily  and  perfectly  with  water.  Now  whence  can 
this  difference  arife  ?  Since  it  is  not  owing  to  the  nature  of 
the  principles  that  conftitute  thefe  mixts,  it  muft  neceffarily 
be  attributed  to  the  proportions  in  which  thofe  principles  are 
united.  And  indeed  if  we  attend  to  the  quantities  obtained 
from  each  by  analyzing  them  feverally,  we  (hall  find  that,  in 
this  refpecl:,  there  is  a  very  great  difference  between  them. 
Oily  compounds  of  the  nature  of  Refins,  which  are  not  fo- 
luble in  water,  yield  in  diftillation  a  little  phlegm,  a  quan- 
tity of  Oil  vaftly  exceeding- that  of  their  Acid,  and  a  very 
fmall  matter  of  coal,  which,  when  burnt,  fcarce  leaves  any 
token  of  a  Fixed  Alkali.  Honey,  en  the  contrary,  and  all 
other  juices  of  the  fame  nature,  give  out,  when  analyzed,  a 
great  deal  of  phlegm,  a  quantity  of  Acid  much  fuperior  to 
that  of  th^ir  Oil,  and  a  confiderable  mafs  of  coal ;  from 
which,  when  burnt  in  the  open  air  and  lixiviated,  a  very  per- 
ceptible Alkali  may  be  obtained. 

If  the  quantity  of  the  principles  procured  by  thefe  two  a- 
nalyfes  be  compared  together,  it  will  be  eafy  to  deduce  fromf 
thence  the  caufes  of  the  different  properties  obferved  in  the 
mixts  that  afforded  them.  In  the  large  quantity  of  Oil,  of 
which  refmous  fubftances  confift  almoft  entirely,  we  fee  the 
caufe  of  their  being  fo  inflammable,  and  fo  indiffoluble  in 
water.  When  fuch  bodies  are  decompofed,  there  remains 
but  little  coal,  and  very  little  Fixed  Alkali ;  becaufe  their 
Oil  carries  off  with  it  almoft  all  their  Acid,  leaving  a  fcarce 
perceptible  portion  thereof  fixed  in  the  coal.  Now  we  know 
that  this  Acid  is  an  effential  requifite  to  the  formation  of  an 
Alkali.  Honey,  on  the  contrary,  and  the  analogous  mixts, 
are  fo  unapt  to  take  fire,  and  mix  fo  readily  with  water,  only 
becaufe  there  is  very  little  Oil  in  their  compofition,  in  com- 
parifon  of  the  Acid,  which  is  their  predominant  principle. 
For  the  fame  reafon  they  leave,  when  decompofed,  a  greater 
quantity  of  coal,  which  alfo  yields  much  more  Fixed  Alkali 
than  we  find  in  the  coals  of  Refins.  Perhaps  thefe  mixts 
may  alfo  contain  a  little  more  earth.  The  caufe  of  this 
greater  quantity  of  Fixed  Alkali  will  be  found  in  what  we 
delivered  above  concerning  the  combination  and  production 
of  that  Salt. 

Sugar,  Manna,  and  the  Saccharine  juices  of  fruits  and 
plants,  are  of  the  fame  nature  as  Honey,  yield  the  fame 
principles,  and  in  the  fame  proportions.     Ail  thefe  fubftan- 
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ces  mud  be  confidcred  as  native  Soaps;  beeaufe  they  confift 
of  an  Oil  rendered  mifcible  with  water,  by  means  of  a  faline 
fuhftance.  They  differ  from  the  common  artificial  Soaps  in 
feveral  refpecls;  but  chiefly  in  this,  that  their  faline  part  is 
an  Acid,  whereas  that  of  common  Soap  is  an  Alkali.  The 
natural  Soaps  are  not  for  that  reafon  the  lefs  perfect  :  on  the 
contrary,  they  diflblve  in  water  without  deftroying  its  tranf- 
parency,  and  without  giving  it  a  milky  colour:  which  proves 
that  Acids  are  not  lefs  proper  than  Alkalis,  or  rather  that 
they  are  more  proper  additaments,  for  bringing  Oils  into  a 
faponaceous  ftate. 

But  it  muft  be  owned,  that  we  are  not  yet  able  to  imitate 
by  art  the  Acid  Soaps  which  are  prepared  and  fo  perfectly 
combined  by  nature,  and  that  the  deterfive  quality  of  thefe 
is  not  near  fo  ftrong  as  that  of  the  Soaps  which  have  an  Al- 
kali for  their  faline  principles. 

Though  Honey,  and  the  other  vegetable  fubftances  analo- 
gous to  it,  contain  much  Acid,  yet  they  have  no  tafte  of 
fournefs,  nor  any  of  the  other  properties  of  iicids ;  but,  on 
the  contrary,  their  tafte  is  foft  and  faccharine  :  the  caufe  of 
this  is,  that  their  Acid  is  intimately  mixed  and  perfectly 
combined  with  their  Oil,  which  entirely  fbeathes  and  blunts 
it, 


PROCESS     VI. 

Gummy  Subftances  analyzed :  injlanced  in  Gum  Arabic* 

DISTIL  Gum  Arabic  in  a  retort  with  degrees  of  fire. 
A  limpid,  fcentlefs,  and  taftelefs  phlegm  will  firfk 
come  over ;  and  then  a  ruffet-coloured  acid  liquor,  a  little 
Volatile  Alkali,  and  an  Oil,  which  will  firft  be  thin  and  af- 
terwards come  thick.  In  the  retort  will  be  left  a  good  deal 
of  a  charred  fubflance,  which  being  burnt  and  lixiviated  will 
give  a  Fixed  Alkali. 

OBSERVATIONS. 

Gums  have  at  firft  fight  fome  refemblance  of  E.efins; 
•which  hath  occafioned  many  refinous  matters  to  be  called 
Gums,  though  very  improperly:  for  thty  are  two  diftindt 
forts  of  fubftances,  of  natures  abfolutely  different  from  each 
Other.  It  hath  been  fhewn,  that  Reims  have  an  aromatic 
odour  j  that  they  are  jndiiioluble  in  water,   and  foluble  in 

Spirit 
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Spirit  of  Wine;  that  they  are  only  an  Effential  Oil  grown 
thick.  Gums,  on  the  contrary,  have  no  odour,  are  folublc 
in  water,  indiflbluble  in  Spirit  of  Wine,  and,  by  being  a- 
nalyzed  as  in  the  procefs,  are  converted  almofl:  wholly  into 
a  phlegm  and  an  Acid.  The  fmall  portion  of  Oil  contain- 
ed in  them  is  fo  thoroughly  united  with  their  Acid,  that  it 
diflblves  perfectly  in  water,  and  the  folution  is  clear  and 
limpid.  In  this  refpect  Gums  refemble  Honey,  and  the  o- 
ther  vegetable  juices  analogous  to  it.  They  are  all  fluid  ori- 
ginally ;  that  is,  when  they  begin  to  ooze  out  of  their  trees. 
At  that  time  they  perfectly  refemble  mucilages,  or  rather 
they  are  actual  mucilages,  which  grow  thick  and  hard  in  time 
by  the  evaporation  of  a  great  part  of  their  moifture  :  juft  as 
Refins  are  true  Oils,  which,  lofing  their  mod  fluid  parts  by 
evaporation,  at  laft  become  folid.  Infufions  or  flight  decoc- 
tions of  mucilaginous  plants,  when  evaporated  to  drynefs, 
become  actual  Gums. 

Some  trees  abound  both  in  Oil  and  in  mucilage  :  thefe  two 

o 

fubftances  often  mix  and  flow  from  the  tree  blended  together. 
Thus  they  both  grow  dry  and  hard  together  in  one  mafs, 
which  of  courfe  is  at  the  fame  time  both  gummy  and  refin- 
ous  :  and  accordingly  fuch  mixts  are  named  Gum-refins. 

But  it  mull  be  obferved,  that  thefe  refinous  and  gummy 
parts  fufTer  no  alteration  by  being  thus  mixed ;  but  each  pre- 
ferves  its  properties,  as  if  it  were  alone.  The  reafon  is,  that 
they  are  not  truly  united  together  :  Gums  being  indiflbluble 
by  Oils  or  by  Refins,  the  parts  of  each  are  only  entangled  a- 
mong  thofe  of  the  other,  by  means  of  their  vifcofity.  Hence, 
if  the  Gum-reiln  be  put  into  water,  the  water  will  diflblve 
only  the  gummy  part,  without  touching  the  refinous.  On 
the  contrary,  if  the  fame  Gum-refin  be  put  into  Spirit  of 
Wine,  this  meniTruum  will  diflblve  the  Re  fin,  and  leave  the 
Gum.  We  fhall  treat  more  particularly  of  this  diflblution 
under  the  head  of  Spirit  of  Wine. 

If  a  Gum-refin,  inftead  of  being  only  infufed  in  water, 
be  triturated  with  water,  it  will  be  thereby  wholly  difFufed 
through  it:  but  the  refmous  part,  which  is  only  divided  by 
the  triture,  and  not  diflblved  in  the  water,  gives  the  liquor  a 
milky  colour,  like  that  of  an  emulfion.  It  is  indeed  an  ac- 
tual emulfion  ;  that  which  is  made  with  kernels  being,  like 
this,  no  other  than  a  divided  oil,  diiperied  in  fmall  particles 
by  triture,  and  lufpended  in  the  water  by  means  of  a  muci- 
lage. 

SECTION 
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SECTION      II. 

Of  Operations  on  Fermented  Vegetable  Sub/lances. 

CHAP.       I. 

Of  the  Product  of  Spirituous  Fermentation. 

PROCESS      I. 

To  make  Wine  of  Vegetable  Subftances  that  are  fufceptible  of 
Spirituous  Fermentation. 

LET  a  liquor  fufceptible  of,  and  prepared  for,  the  Spiri- 
tuous Fermentation  be  put  into  a  calk.  Set  this  caik 
in  a  temperately  warm  cellar,  and  cover  the  bung-hole  with 
a  bit  of  linen  cloth  only.  In  more  or  lefs  time,  according 
to  the  nature  of  the  liquor  to  be  fermented,  and  to  the  de- 
gree of  heat  in  the  air,  the  liquor  will  begin  to  fwell,  and 
be  rarefied.  There  will  arife  an  intefcine  motion,  attended 
with  a  fmall  hilling  and  efFervefcence,  throwing  up  bubbles 
to  the  furface,  and-  difcharging  vapours  :  while  the  grols, 
vifcous,  and  thick  parts,  being  driven  up  by  the  fermenting 
motion,  and  rendered  lighter  by  little  bubbles  of  air  adhering 
to  them,  will  rife  to  the  top,  and  there  form  a  kind  of  foft, 
fpongy  cruft,  which  will  cover  the  liquor  all  over.  The  fer- 
menting motion  ftill  continuing,  this  cruft  will,  from  time 
to  time,  be  lifted  up  and  cracked  by  vapours  making  their 
efcape  through  it;  but  thofe  Allures  will  prefently  clofe  again, 
till,  the  fermentation  gradually  going  off,  and  at  laft  entire- 
ly ceafmg,  the  cruft  will  fall  in  pieces  to  the  bottom  of  the 
liquor,  which  will  infenfibly  grow  clear.  Then  (top  the  calk 
clofe  with  its  bung,  and  fet  it  in  a  cooler  place. 

OBSERVATIONS. 

Matters  that  are  fufceptible  of  the  Spirituous  Fermen- 
tation are  feldom  fo  perfectly  prepared  for  it  by  nature  as 

they 
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they  require  to  be.  If  we  except  the  juices  that  flow  natu- 
rally from  certain  trees,  but  oftener  from  incifions  made  on 
purpofe  in  them,  all  other  fubftances  require  fome  previous 
preparation. 

Boerhaave,  who  hath  handled  this  fubjecl:  excellently  v/ell 
in  his  Chymiftry,  divides  the  fubftances  that  are  fit  for  Spi- 
rituous Fermentation  into  five  clafTes.  In  the  firft  he  places 
all  the  mealy  feeds,  the  Itgumens,  and  the  kernels  of  almof! 
all  fruits.  The  fecond  clafs  includes  the  juices  of  all  fruits 
that  do  not  tend  to  putrefaction.  In  the  third  clafs  ftand  the 
juices  of  all  the  parts  of  plants  which  tend  rather  to  acidity 
than  to  putrefaction;  and  confequently  thofe  which  yield 
much  Volatile  Alkali  are  to  be  excluded.  The  fourth  clafs 
comprehends  the  juices  or  faps  that  fpontaneoufly  diftil  from 
feveral  trees  and  plants,  or  flow  from  them  when  wounded. 
He  forms  his  fifth  and  laft  clafs  of  the  faponaceous,  faccha- 
rine,  and  concrete  or  thick  juices  of  vegetables.  Reiinous 
or  purely  gummy  matters  are  excluded,  as  not  being  fer- 
mentable. 

Thefe  five  clafTes  may  be  reduced  to  two;  one  compre- 
hending all  the  Juices,  and  another  all  the  Mealy  parts,  of 
vegetables  that  are  fufceptible  of  fermentation.  The  juices 
want  nothing  to  fit  them  for  fermentation,  but  to  be  exprefT- 
ed  out  of  the  fubftances  containing  them,  and  to  be  diluted 
with  a  fufficient  quantity  of  water.  If  they  be  very  thick, 
the  beft  way  is  to  add  fo  much  water  as  fhall  render  the  mix- 
ed liquor  jufl  capable  of  bearing  a  new-laid  egg.  With  re- 
fpe£fc  to  farinaceous  fubftances,  as  they  are  almoft  all  either 
oily  or  mucilaginous,  they  require  a  little  more  manage- 
ment. The  method  of  brewing  malt- liquors  will  furnifh  us 
with  examples  of  fuch  management.  It  is  thus  defcribed  by 
Mr.  Boerhaave. 

In  warm  weather  the  grain  is  put  into  large  vats,  and  a 
considerable  quantity  of  rain-water,  or  very  clean  river-wa- 
ter, is  poured  thereon,  in  which  it  lies  till  it  be  well  foaked 
and  fwelled.     This  firft  operation  is  called  the  Steeping. 

When  the  grain  is  by  this  means  grown  very  plump,  it  is 
taken  out  of  the  fteep,  and  laid  on  great  heaps  in  an  open 
pi  ice,  yet  not  too  much  expofed  to  the  wind.  In  a  very  lit- 
tle time  thofe  heaps  grow  hot,  the  grain  begins  to  fprout, 
and  fhoot  out  little  buds  of  leaves  and  roots.  The  art  of 
managing  this  operation  properly  confifts  in  feizing  the  exacl 
point  of  time  when  the  germination  fhould  be  ftopt :  on  this 
in  a  great  meafure  depends  the  fuccefs  of  the  bufinefs.  For, 
if  the  grain  be  left  too  long  in  this  hot  bed,  it  may  begin  to 

rot, 
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rot,  or  elfe  the  leaves  and  roots,  by  growing  too  much,  may 
confume  moft  of  the  mealy  fubftance,  which,  in  this  cafe,  is 
the  only  fubjecb  of  fermentation ;  and,  if  the  germination 
be  checked  too  foon,  the  advantage  expected  from  it  will  be 
loft;  that  is,  the  mucid  matters  will  not  be  fufficiently  atte- 
nuated. 

As  foon  therefore  as  the  germination  is  obferved  to  have 
attained  its  proper  Mage,  it  muft  be  ftopt  with  all  poffible  ex- 
pedition. For  this  purpofe  the  grain  is  carried  into  an  open 
place  expofed  to  the  north  wind,  where  it  is  fpread  on  a 
boarded  floor  and  dried ;  by  which  means  it  is  hindered  from 
fprouting  any  more.  It  is  next  made  to  run  flowly  down 
through  a  long  tunnel  made  very  hot,  which  at  once  dries  it 
thoroughly  to  the  very  heart,  and  in  fome  meafure  fcorches 
it,  though  very  flightly.  Grain  thus  prepared  is  called 
Malt. 

By  this  germination,  exficcation,  and  flight  torrefaction  of 
the  grain,  the  farinaceous  fubftance  is  considerably  attenuat- 
ed, and  its  natural  vifcofity  deftroyed,  which  would  other- 
wife  hinder  the  meal,  when  boiled  in  water,  from  mixing 
with  it  and  difTolving  in  it,  as  it  muft  in  fome  meafure  do  to 
form  a  liquor  fit  for  Spirituous  Fermentation. 

Mr.  Boerhaave  takes  notice,  that  if  grain,  which  hath  not 
been  thus  prepared,  be  chewed  in  the  mouth,  its  meal  makes 
a  pafte  that  is  not  eafily  attenuated,  or  entirely  diffolvcd,  by 
the  fpittie ;  whereas  the  meal  of  the  fame  grain,  after  malt- 
ing, mixes  immediately  and  perfectly  with  the  fpittie :  it 
hath  moreover  a  fweet  agreeable  tafte,  which  common  grain 
hath  not. 

The  grain  being  thus  malted,  is  ground  :  then  hot  water 
is  poured  thereon,  in  which  it  is  left  to  infufe  for  three  or 
four  hours.  In  that  time  the  water  takes  up  all  the  attenu- 
ated flour  of  the  Malt;  whereas  it  would  not  difTolve  the  fa- 
rina of  grain  that  had  not  undergone  the  above  defcribed 
preparations.  The  Wort  is  then  drawn  off  the  grains,  and 
boiled  to  a  proper  degree  of  infpifiation  ;  the  decoction  is 
fufFered  to  cool,  and  afterwards  put  into  calks  to  be  ferment- 
ed as  the  procefs  directs. 

As  Malt-liquor  is  apt  to  grow  four,  and  will  not  keep  fo 
long  as  Wine,  fome  bitter  plants  are  ufually  boiled  in  the 
decoction,  to  make  it  keep  the  longer,  and  hinder  it  from 
turning  four  fo  foon  as  it  otherwife  would.  For  this  purpofe 
fuch  plants  are  chofen  as  have  an  agreeable  bitter  tafte;  and 
the  preference  is  generally  given  to  Hops. 

Belides  thefe  preparations,  relating  chiefly  to  Malt-liquors, 

there 
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there  are  many  other  things  to  be  obferved  relating  to  Spiri- 
tuous Fermentation  in  general,  and  to  all  matters  fufceptible 
of  that  fermentation.  For  example;  all  grains  and  fruits  de- 
figned  for  that  fermentation  mult  be  perfectly  ripe-,  for  other- 
ways  they  will  not  ferment  without  difficulty,  and  will  pro- 
duce little  or  no  inflammable  Spirit.  Such  matters  as  are 
too  auftere,  too  acrid,  or  aflringent,  are  for  the  lame  reafon 
unfit  for  Spirituous  Fermentation ;  as  well  as  thofe  which 
abound  too  much  in  Oil. 

In  order  to  make  the  fermentation  fucceed  perfectly,  fo  as 
to  produce  the  beft  Wine  that  the  fermented  liquor  is  capa- 
ble of  affording,  it  is  neceiTary  to  let  it  Hand  quiet  without 
ftirring  it,  led  the  cruft  that  forms  on  its  furface  mould  be 
broken  to  little  fragments,  and  mix  with  the  liquor.  This 
cruft  is  a  kind  of  cover,  which  hinders  the  fpirituous  parts 
from  exhaling  as  fa  ft  as  they  are  formed.  The  free  accefs  of 
the  air  is  another  condition  neceffary  to  fermentation  :  and 
for  this  reafon  the  veflel  that  contains  the  fermenting  liquor 
mult  not  be  clofe  flopped  ;  the  bung* hole  is  only  to  be  cover- 
ed with*a  linen  cloth,  to  hinder  dirt  and  infects  from  falling 
into  it.  Nor  mull  the  bung-hole  be  too  large,  left  too  much 
of  the  fpirituous  parts  fhould  efcape  and  be  loft. 

Laftly,  a  juft  degree  of  warmth  is  one  of  the  conditions 
moft  neceiTary  for  fermentation  :  for  in  very  cold  weather 
there  is  no  fermentation  at  all ;  and  too  much  heat  precipi- 
tates it  in  fuch  a  manner,  that  the  whole  liquor  becomes 
turbid,  and  many  fermenting  and  fermented  particles  are 
diffipated. 

If,  notwithstanding  the  exacted  obfervance  of  every  parti- 
cular requifke  to  excite  a  fuccefsful  fermentation,  the  liquor 
cannot,  without  difficulty,  be  brought  to  effervefce,  which 
fcarce  ever  happens  but  to  Malt-iiquor,  it  may  be  accelerated 
by  mixing  therewith  forne  matter  that  is  very  fufceptible  of 
fermentation,  or  actually  fermenting.  Such  matters  are  cal- 
led Ferments.  The  cruft,  or  Toft,  that  forms  on  the  furface 
of  fermenting  liquors  is  a  moft  efficacious  ferment,  and  on 
that  account  very  much  ufed. 

It  fometirhes  happens,  that  there  is  occafion  to  check 
tlie  fermentation  excited  in  the  liquor,  before  it  ceaies  of  !,t- 
fc\L  'i  o  effect  this,  fuch  means  mult  be  ufed  as  are  direct- 
ly oppofite  to  thofe  mentioned  above  for  promoting  fermen- 
tation. The  end  is  obtained  by  mixing  with  the  liquor  a 
quantity  of  Alkali,  fufficient  to  abforb  the  Acid  contained 
therein:  but  this  method  is  feldom  made  ufe  of,  becaufe  it 
fpoils  the  liquor  :  which,  after  being  thus  treated,  is  incapa- 
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ble  of  any  fpirituous  fermentation,  but  on  the  contrary  will 
certainly  putrefy. 

Spirituous  fermentation  may  alfo  be  flopped  by  mixing 
with  the  liquor  a  great  quantity  of  fome  mineral  Acid.  But 
this  like  wife  alters  its  nature ;  becaufe  thefe  Acids,  being  fix- 
ed, always  remain  confounded  therewith,  and  never  feparate 
from  it. 

The  beft  method  yet  found  out  for  checking  this  fermen- 
tation, without  injury  to  the  fermenting  liquor,  is  to  impreg- 
nate it  with  the  fumes  of  burning  fulphur.  Thefe  fumes  are 
known  to  be  acid,  and  it  is  that  quality  in  them  which  fuf- 
pends  the  fermentation.  But,  at  the  fame  time,  this  Acid  is 
extremely  volatile  :  fo  that  it  feparates  fpontaneoufly  from  the 
liquor,  after  fome  time,  and  leaves  it  in  a  condition  to  con- 
tinue its  fermentation. 

For  this  reafon,  when  a  Wine  is  defired  that  fhall  be  but 
half  fermented,  and  (hall  partly  retain  the  fweet  tafte  it  had 
in  the  ftate  of  Mufl,  (the  proper  name  for  the  unfermented 
juice  of  the  grape),  it  is  put  into  cafks  in  which  Sulphur 
hath  been  previoufly  burnt,  and  the  vapours  thereof  confined 
by  Hopping  the  bung-hole.  Thefe  are  called  Matched  Wines, 
If  the  fame  operation  be  performed  on  Muft,  its  fermenta- 
tion will  be  abfolutely  prevented  :  it  will  retain  all  its  fac- 
charine  tafte,  and  is  then  called  Stum.  As  the  fulphureous 
Acid  evaporates  fpontaneoufly,  in  no  long  fpace,  it  is  necef- 
fary  to  fumigate  matched  wines,  or  Hums,  from  time  to  time, 
when  they  are  intended  to  be  kept  long  without  fermenting. 


PROCESS      II. 

To  draw  an  Ardent  Spirit  from  Subjlances  that  have  under- 
gone the  Spirituous  Fermentation.     The  Analyfis  of  Wine. 

FILL  a  large  copper  cucurbit  half  full  of  Wine.  Fit  on 
its  head  and  refrigeratory.  Lute  on  a  receiver  with  wet 
bladder,  and  diftil  with  a  gentle  fire ;  yet  fo  that  the  drops 
which  fall  from  the  nofe  of  the  alembic  may  fucceed  one  an- 
other pretty  quicks  and  form  a  fort  of  fmall  continued  dream. 
Go  on  thus  till  you  perceive  that  the  liquor  which  comes  o- 
ver  ceafes  to  be  inflammable;  and  then  defift.  You  will 
find  in  the  receiver  a  clear  liquor,  fomewhat  inclining  to  an 
amber-colour,  of  a  pleafant  quick  fmell,  and  which  bemg 
thrown  into  the  fire  inftantly  flames.  The  quantity  thereof 
will  be  nearly  a  fourth  part  of  the  "Wine  you  put  into  the 

alembic ; 
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alembic;  and  this  is  what  is  called  Brandy ;  that  is,  the  Ar- 
dent Spirit  of  Wine  loaded  with  much  phlegm. 

In  order  to  rectify  it,  and  reduce  it  to  Spirit  of  Wine, 
put  it  into  a  long- necked  matrafs,  capable  of  holding  double 
the  quantity.  Fit  a  head  to  the  matrafs,  and  lute  on  a  re? 
ceiver  :  place  your  matrafs  over  a  pot  half  full  of  water  ;  fet 
this  pot  over  a  moderate  fire ;  and  with  this  vapour-bath  di- 
ftil  your  Spirit,  which  will  rife  pure.  Continue  this  degree 
of  heat  till  nothing  more  will  come  over.  You  will  find  in, 
the  receiver  a  very  clear  colourlefs  Spirit  of  Wine,  of  a  quick 
but  agreeable  fmell,  which  will  catch  fire  at  once  by  the  bare 
contact  of  any  flaming  fubftance. 

OBSERVATIONS, 

It  hath  been  fhewn,  that  Honey,  and  the  vegetable  juices 
analogous  to  it,  fuch  as  Muft,  and  the  juices  of  all  faccha- 
rine  fruits  and  plants,  yield  by  diftillation  no  other  principles 
than  Phlegm,  an  Acid,  and  a  fmaH  quantity  of  Oil.  The 
analyfis  of  Wine,  and  of  all  fubftances  that  have  undergone 
the  fpirituous  fermentation,  (hews  us  that  this  fermentation 
produces,  and  in  fome  fenfe  creates,  in  thofe  mixts,  a  prin- 
ciple that  did  not  exift  in  them  before;  I  mean  the  Ardent 
Spirit,  which  is  an  inflammable  liquor  that  is  mifcible  with 
water.  This  liquor  remits  from  a  clofer  combination  of  the 
Acid  and  the  Oil,  which  are  attenuated  and  united  together 
by  fermentation.  To  this  Oil,  which  is  one  of  its  condim- 
ent parts,  its  inflammability  is  owing;  and  the  Acid  imparts 
to  this  Oil  the  property  of  mixing  with  water,  more  perfect- 
ly and  more  intimately  than  when  it  makes  a  part  of  any  o- 
ther  compound.  Nay,  there  is,  in  the  very  compofition  of 
an  Ardent  Spirit,  a  certain  quantity  of  water  which  is  ne- 
ceflary  to  it,  which  is  one  of  its  eflential  parts,  and  without 
which  it  would  not  have  the  properties  that  characterife  it. 
We  (hall  prefently  have  occafion  to  fee,  that,  when  Spirit  of 
Wine  is  dephiegmated  to  a  certain  pitch,  we  cannot  deprive 
it  of  any  more  of  its  aqueous  parts,  without  decompofing  a 
quantity  of  the  Spirit,  proportioned  to  the  quantity  of  water 
drawn  from  it. 

Ardent  Spirits  are  more  volatile  than  any  of  the  principles 
of  the  mixt  from  which  they  are  produced,  and  confequent- 
ly  more  volatile  than  the  phlegm,  the  Acid,  or  the  Oil  there- 
of, though  they  wholly  confifi  of  thefe.  This  cannot  be  at- 
tributed to  any  thing  but  a  peculiar  difpofition  of  thefe  prin- 
ciples, which  are  attenuated  in  a  lingular  manner  by  the  fer  - 
3  P  2  meriting 


484  ELEMENTS     of     the  Sea.  2. 

menting  motion,  and  thereby  rendered  more  fufceptible  of 
expanfion  and  ra  refaction. 

The  great  volatility  of  the  Ardent  Spirit  procures  us  an 
eafy  method  of  feparating  it  from  the  other  principles  of 
Wine,  and  of  dephlegmating  it.  For  this  purpofe  it  need 
only  he  diftilled  with  fuch  a  gentje  heat  as  is  juil  capable  of 
raifing  the  Spirit,  but  too  weak  to  produce  the  fame  effect 
on  the  other  matters  from  which  you  defire  to  free  it.  For 
this  reafon  the  more  ilowly,  and  with  the  lefs  heat,  you  diftil 
your  Wine,  the  ftronger  and  more  fpirituous  will  your  Bran- 
dy be.  The  fame  is  to  be  faid  of  the  fecond  diftillation,  by 
which  Brandy  is  changed  into  Spirit  of  Wine,  or,  in  other 
words,  dephlegmated.  The  Spirit  of  Wine  thus  drawn 
from  it  will  be  fo  much  the  better,  the  more  exactly  you  ob- 
ferve  the  conditions  here  propofed. 

If  Spirit  of  Wine  be  treated  in  the  fame  manner  as  Bran- 
dy, that  is,  if  it  be  rectified  by- diftillation  with  the  fame 
precautions,  it  will  be  thereby  dephlegmated  as  much  as  pof- 
iible;  and  then  it  is  called  Alkqhoil.  By  this  rectification  it 
is  not  only  freed  from  its  redundant  phlegm,  but  alfo  from 
forne  particles  of  Acid  and  of  Oil,  which,  though  much  lefs. 
volatile  than  itftlf,  yet  afcend  with  it  in  the  firft  diftillation  : 
nor  is  it  poilibie  wholly  to  avoid  this  inconvenience. 

Mr.  Boerhaave  propofes  to  dephlegmate  Spirit  of  Wine 
more  cafily,  and  more  accurately,  by  diflilling  it  from  decre- 
pitated Sea-falt  mixed,  while  very  hot,  with  the  Spirit.  This 
muft  certainly  be  a  very  good  method;  becaufe  decrepitated 
Sea-falt  powerfully  attracts  mcifture,  and  confequently  is 
very  apt  to  imbibe  and  retain  that  which  is  in  the  Ardent 
Spirit :  and  Spirit  of  Wine  doth  not  diftblve  Sea-falt;  fo  that 
there  is  no  reafon  to  fear  its  being  in  the  leaft  contaminated 
therewith. 

All  fermented  liquors  do  not  yield  near  an  equal  quantity 
of  Ardent  Spirit;  becaufe  they  do  not  all,  before  fermenta- 
tion, equally  contain  the  principles  nectftary  to  produce  an 
Ardent  Spirit,  in  the  moft  advantageous  proportion  or  dilpo- 
fition. 

There  are  feveral  ways  of  proving  whether  or  no  Spirit  of 
Wine  be  as  highly  rectified  as  it  poliibly  can  be,  that  is, 
whether  or  no  it  contain  any  more,  phlegm  than  is  precifely 
neceflary  to  conftitute  it  Spirit  of  Wine;  and  many  Chymifts 
have  judged  that  worthy  of  the  title  which  burns  away  en- 
tirely, without  leaving  behind  it  the  leaft  token  of  humi- 
dity ;  or  that  which,  being  burnt  on  gun-powder,  fires  it  at 
jaft, 

But 
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But  Mr.  Boerhaave  juftly  obferves,  that  neither  of  thefe  is 
a  fufficient  proof;  becaufe,  though  there  i'hould  be  a  fmall 
quantity  of  unneceffary  phlegm  in  Spirit  of  Wine,  yet  it 
may  very  well  be  evaporated  and  diffipated  by  the  deflagra- 
tion in  either  way.  He  therefore  propofes  another  proof, 
which  is  much  more  to  be  depended  on  ;  that  is,  by  mixing 
and  (baking  with  the  Spirit  of  Wine  a  fmall  quantity  of  a 
very  dry  pulverized  Alkali.  If  this  Salt,  when  thus  agitat- 
ed, and  even  warmed,  with  Spirit  of  Wine,  continue  as  dry 
as  it  was  at  firft,  it  is  a  fign  that  the  Spirit  is  perfectly  de- 
phlegmated. 

Mr.  Boerhaave  tried  in  this  manner  fome  Spirit  of  Wine 
that  had  fired  gun-powder,  and  found  it  to  contain  fo  much 
phlegm  that  it  naoiftened  his  Salt  very  perceptibly :  nay,  one 
fmgle  drop  of  water,  being  mixed  with  a  confiderable  quan- 
tity of  Spirit  of  Wine,  which  before  left  the  Alkali  perfect- 
ly dry,  difcovered  itfelf  in  this  way  by  the  moifture  it  com- 
municated to  the  very  fame  Salt. 

Spirit  of  AVine  may  alfo  be  contaminated  with  fome  hete- 
rogeneous fubftances ;  fuch  as  acid,  alkaline,  or  oily  matters. 
Thefe  are  to  be  difcovered  by  very  eafy  experiments  proper  to 
each  :  for  an  acid  or  alkalious  Spirit  of  Wine  being  mixed 
with  fyrop  of  violets  will  give  it  a  red  or  a  green  colour,  ac- 
cording to  the  nature  of  the  faline  matter  contained  in  it; 
and,  if  it  be  combined  with  an  Oil,  that  will  fhtw  itfelf  by 
the  white  milky  colour  which  a  drop  of  it  will  give  to  water. 

Befides  the  Ardent  Spirit,  Wine  contains  an  Acid  united 
with  a  portion  of  earth  and  of  Oil,  which  give  the  Acid  a 
concrete  form.  This  fubftance  generally  feparates  fpontane- 
oufly  from  the  Wine,  and  adheres,  in  the  form  of  a  ftrong 
cruft,  to  the  fides  of  the  calk,  it  is  called  Tartar,  and  is, 
properly  fpeaking,  the  Effential  Salt  of  Wine.  We  (hall 
exhibit  the  analysis  of  Tartar,  and  treat  of  it  more  at  length, 
in  a  chapter  apart. 

Wine-lees  confifl  of  the  grofTeft  parts  of  the  fermented  li- 
quor; which  being  uncapable  of  remaining  diflblved,  fink  to 
the  bottom,  and  form  a  iediment,  which  contains  alfo  fome 
Tartar  and  a  little  Ardent  Spirit. 

The  refidue  left  in  the  cucurbit,  after  the  Spirit  is  drawn 
off,  is  a  fort  of  Extract  of  Wine.  This  liquor  hath  an  ex- 
ceeding rough,  or  rather  acid  tafte.  When  diddled  it  yields 
an  acid  phlegm,  which  comes  more  and  more  acid  as  the 
diftillation  advances,  and  a  fetid  empyreumatic  Oil.  From 
the  caput  moriuwn,  when  burnt,  a  coniiderable  quantity  of  a 
Fixed  Alkali  may  be  extracted. 

From 
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From  all  this  it  follows,  that  Wine  confifts  of  an  Ardent 
Spirit,  and  a  Tartarous  Acid,  diffufed  through  a  great  quan- 
tity of  water,  together  with  fome  oily  and  earthy  parts. 

Malt  liquor  contains  much  lefs  Tartar  than  Wine ;  but, 
inftead  thereof,  it  is  impregnated  with  a  mucilaginous  mat- 
ter, which  becomes  very  perceptible  when  any  body  is  fmear- 
ed  with  it  and  dried ;  for  then  it  makes  a  kind  of  Varnifh. 
This  mucilaginous  matter,  which  is  not  fufliciently  attenu- 
ated, efpecially  when  the  Malt-liquor  is  new,  makes  it  very 
apt  to  fwell  up  and  rife  over  the  helm  with  rapidity,  in  the 
diftillation  of  an  Ardent  Spirit  from  it :  for  which  reafon  it 
is  neceflary  to  proceed  more  cautioufly,  and  more  flowly,  in 
diflilling  a  Spirit  from  this  liquor  than  from  Wine. 


P  P.  O  C  E  S  S     III. 

To  dephlegmate  Spirit  of  Wine  by  the  means  of  Fixed  Alkalis, 
Spirit  of  Wine  analyzed. 

INTO  a  glafs  cucurbit  pour  the  Spirit  of  Wine  you  intend 
to  dephlegmate,  and  add  to  it  about  a  third  part  of  its 
weight  of  Fixed  Alkali,  newly  calcined,  perfectly  dry,  heat- 
ed, and  pulverized.  Shake  the  veiTel,  that  the  two  matters 
may  be  mixed  and  blended  together.  The  Salt  will  gradu- 
ally grow  mcift,  and,  if  the  Spirit  of  Wine  be  very  aqueous, 
melt  into  a  liquor,  that  will  always  lie  at  the  bottom  of  the 
ve&l,  without  uniting  with  the  Spirit  of  Wine  which  will 
fwim  at  tcp. 

When  you  perceive  that  the  Alkali  attracts  no  new  moif- 
ture,  and  that  no  more  of  it  melts,  decant  your  Spirit  of 
Wine  from  the  liquor  beneath  it,  and  add  to  your  Spirit 
fr-eih  Salt  thoroughly  dried  as  before.  This  Salt  will  alio 
imbibe  a  little  moifture ;  but  it  will  not  grow  liquid,  becaufe 
the  Aikali,  with  which  it  was  mixed  before,  hath  left  too  lit- 
tle phlegm  to  melt  this.  Decant  it  from  this  Salt  as  at  firft, 
and  continue  to  mix  and  fhake  it  in  the  fame  manner  with 
frefh  Salt,  till  you  obferve  that  the  Salt  remains  as  dry  after 
as  it  was  before  mixing  it  with  the  Spirit  of  Wine.  Then 
diflil  your  Spirit  in  a  frnall  alembic  with  a  gentle  heat,  and 
you  will  have  it  as  much  dephlegmated  as  it  can  be. 

OBSERVATIONS. 

Next  to  the  Mineral  Acids,  Fixed  Alkalis  perfectly  cal- 
«ned  are  the  iubftances  which  have  the  greateft  affinity  with 

water, 
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water,  and  therefore  it  is  no  'wonder  they  are  fo  very  fit 
to  dephlegmate  Spirit  of  Wine,  and  to  free  it  from  all  its 
redundant  humidity.  Indeed  Spirit  of  Wine  cannot  be  per- 
fectly dephlegmated  without  their  afliftance  :  for  when  diftil- 
lation  alone  is  made  ufe  of  for  that  purpofe,  it  is  impofiible 
to  prevent  fome  phlegm  from  riling  with  the  Spirit  of  Wine, 
whatever  precautions  we  rake  to  avoid  it.  Hence  it  comes 
to  pafs,  that  Spirit  of  Wine,  though  ever  fo  highly  rectified 
by  diftillation,  always  imparts  a  little  moifture  to  an  Alkali, 
when  mixed  with  it  in  order  to  prove  its  goodnefs. 

But,  while  the  Alkali  attracts  the  fuper-abundant  phlegm 
of  the  Spirit  of  Wine,  it  produces  in  that  liquor,  and  under- 
goes itfelf,  remarkable  changes. 

Spirit  of  wine,  when  fo  highly  dephlegmated  by  an  Al- 
kali that,  being  kept  in  digeltion  therewith,  it  leaves  the 
Salt  perfectly  dry,  hath  a  red  colour,  an  odour  fomewhat 
different  from  that  which  is  peculiar  to  it  when  perfectly 
pure,  a  tafte  in  which  that  of  the  Fixed  Alkali  may  be  di- 
ftinguifhed;  and  it  makes  a  flight  effervefcence  with  Acids: 
which  manifeftly  proves,  that  it  is  united  with  a  portion  of 
the  Alkali  employed  to  rectify  it. 

Mr.  Boerhaave  thinks,  with  great  probability,  that  this 
portion  of  the  Alkali  unites  with  the  Spirit  of  Wine,  much 
in  the  fame  manner  as  with  Oils,  viz.  that  it  forms  with  the 
Spirit  a  kind  of  liquid  Soap.  He  obferves,  that  this  al- 
kalizated  Spirit  cleans  the  fingers;  and  that  things  wetted 
with  it  do  not  dry  fo  fpeedily  as  thofe  wetted  with  pure  Spirit 
of  Wine.  This  alkalizated  Spirit  is  alfo  called  Tinfiure  if 
Salt  of  Tartar. 

In  making  this  Alkaline  Tincture,  great  care  is  to  be  ta- 
ken that  the  Spirit  of  Wine  you  ufe  be  as  highly  rectified  as 
pofiible  :  for,  as  long  as  it  communicates  any  phlegm  to  the 
Alkali,  it  doth  not  acquire  from  the  Salt  mixed  with  it  either 
the  red  colour,  or  the  other  properties  which  ibew  it  to  have 
difibived  part  thereof.  It  is  alfo  a  rule,  to  throw  the  Alkali 
exceeding  hot  into  the  Spirit  of  W7ine,  which  being  heated 
beforehand  boils  on  the  addition  of  the  hot  Salt.  In  order 
to  render  the  Tincture  (till  ftronger,  they  are  left  to  digeft 
together  for  fome  time ;  after  which,  if  part  of  the  Spirit  of 
Wine  be  drawn  off  by  diftillation,  the  remainder  will  have 
a  redder  colour  and  a  more  acrid  tafte. 

The  Spirit  drawn  off  by  diftillation  is  clear,  colourkfs, 
and  doth  not  give  the  fame  tokens  of  an  alkaline  quality  as 
the  Tincture;  and  for  that  reafon,  as  the  defign  of  the  pre- 
fent  proccfs  is  only  to  dephlegmate  and  rectify  Spirit  of  Wine 
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by  means  of  a  Fixed  Alkali,  we  have  directed  it  to  be  diftil- 
led  as  Coon  as  all  its  phlegm  is  abforbed  by  the  Salt. 

However,  Spirit  of  Wine  rectified  in  this  manner  mud 
not  be  confidered  as  abfoluteiy  pure;  for  a  fmall  degree  of 
an  alkaline  quality  is  dill  perceptible  in  it :  but  that  doth  not 
hinder  its  being  employed  with  fuccefs  in  feveral  chymical 
operations,  where  the  property  chiefly  required  in  Spirit  of 
Wine  is  that  it  be  perfectly  dephlcgmated. 

In  order  to  free  Spirit  of  Wine  from  the  fmall  portion  of 
Alkali  remaining  in  it  after  diftillation,  Mr.  Boerhaave  pro- 
pofes  to  mix  with  it  a  few  drops  of  the  Vitriolic  Acid,  be- 
fore the  lad  diftillation.  But  there  is  great  reafon  to  appre- 
hend an  oppofite  inconvenience  from  this  practice:  that  is, 
inftead  of  an  alkaline  character,  we  may  give  the  Spirit  an 
acid  taint.  Indeed  this  cannot  be  avoided,  but  by  mixing 
with  the  Spirit  of  Wine  exactly  as  much  Acid,  as  fufnees  to 
faturate  the  Alkali  contained  in  it,  and  no  more;  which  is 
a  point  very  difficult  to  hit. 

Van  Kelmont  tells  us,  that  having  diftiiled  Spirit  of  Wine 
from  Salt  of  Tartar  perfectly  calcined,  half  of  it  came  over 
pure  water ;  and  Mr.  Boerhaave,  to  whom  this  appeared  very 
furprliing,  refolved  to  repeat  Van  Kelmont's  experiment,  in 
order  to  fatisfy  himfelf  of  the  truth,  and  fee  with  his  own 
eyes  what  would  be  the  refult.  With  this  view  he  made-  a 
tincture  of  Salt  of  Tartar  in  the  manner  above  defcribed,  as 
ftrong  and  as  fully  impregnated  as  he  poffibly  could.  He  fet 
it  in  digeftion  with  the  Alkali  for  feveral  months,  and  af- 
terwards let  it  ftand  four  years  without  touching  it.  He 
then  poured  the  whole  into  a  cucurbit,  and  drew  oft  the 
Spirit  of  Wine  from  the  Salt  by  diftillation.  The  Spirit  of 
Wine,  which  was  before  very  red,  became  clear  on  being 
diftiiled,  having  left  its  colour  in  the  Salt  which  remained  at 
the  bottom  of  the  cucurbit.  This  Spirit  he  returned  upon 
the  Salt,  and  diftiiled  as  before.  He  obferved,  that,  in  this 
fecond  diftillation,  the  Spirit  of  Wine  rote  with  a  little  more 
difficulty,  and  that  the  remaining  Salt  was  of  a  more  faturat- 
ed  colour,  and  become  of  a  dark  red.  In  this  manner  he 
cohobated  and  diftiiled  his  Spirit  twenty  times,  with  the  fame 
Salt.  He  then  found'that  the  Spirit  of  Wine  had  acquired 
a  catiftic,  fiery  tafte,  and  that  the  faline  riiafs  in  the  bottom 
of  the  cucurbit  was  grown  black.  This  faline  refidue  he  di- 
ftiiled with  a  ftronger  fire,  and  obtained  from  it  a  liquor, 
which  was  water,  and  not  Spirit  of  Wine. 

Though  Mr.  Boerhaave  feems,  by  this  tedious  labour,  to 
ha_ve  made  Van  Helmont's  experiment  fucceed,  at  leaft  in 

part, 
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part,  yet  that  famous  and  accurate  Philofopher  did  not  flatter 
himfeif  with  the  notion  of  having  folved  the  problem.  He 
firft  obferves,  that  he  was  far  from  getting  the  quantity  of 
water  which  Van  Helmont  fays  he  obtained,  viz.  half  the 
weight  of  the  Spirit  of  Wine.  Secondly,  he  could  fcarce 
think  that  the  quantity  he  did  obtain  actually  came  from  the 
Spirit  of  Wine.  The  thing  appeared  to  him  fo  lingular* 
and  fo  hard  to  be  accounted  for,  that  he  inclined  to  believe 
the  water  was  quite  extraneous  both  to  his  Spirit  of  Wine 
and  to  his  Salt,  and  that  it  came  from  the  air,  which  could 
not  but  be  admitted  in  the  frequent  cohobations  of  the  Spirit 
of  Wine  with  the  Alkali. 

When  Mr.  Boerhaave  undertook  this  long  laborious  ccurfe 
of  operations,  he  had  it  alfo  in  his  view  to  try  whether  he 
could  not,  by  the  fame  means,  folve  another  problem  famed 
among  the  Cbymifts,  namely,  the  Volatilization  of  the  Salt 
of  Tartar.  He  acquaints  us,  that  in  this  alfo  he  failed; 
which  may  eafily  be  belived  :  but,  in  my  opinion,  he  was 
more  fuccefsful  with  regard  to  the  fi'rft  point*  than  he  him- 
felf imagined ;  for  I  think  the  water  he  obtained  came  im- 
mediately from  the  Spirit  of  Wine.  We  (hall  eafily  be  con- 
vinced of  this,  if  we  carefully  confider  all  the  circum fiances 
attending  his  experiments* 

It  hath  been  (hewn*  that  Spirit  of  Wine  eonfifts  of  an 
Oil,  of  an  Acid,  and  of  water,  with  which  the  Oil  is  inti- 
mately mixed  by  means  of  the  Acid ;  that  Spirit  of  Wine, 
which  is  not  perfectly  dephlegmated,  may  be  deprived  of  a 
pretty  confiderable  quantity  of  Water,  which  is  fuperfiuous 
and  unnecefTary  to  its  compofition ;  and  that  it  fuffers  no 
change  thereby,  except  that  it  becomes  lighter,  ftronger, 
more  inflammable,  in  fhort,  more  Spirit  of  Wine :  but  that, 
when  it  is  once  freeo*  of  this  fuper- abundant  phlegm,  it  would 
be  in  vain  to  attempt  feparating  a  greater  quantity  of  water 
from  it.  All  the  water  then  left  in  it  is  effential  to  its  com- 
position, and  neceiTary  to  give  it  its  properties ;  for,  without 
that,  it  would  not  be  Spirit  of  Wine,  but  only  an  Oil  load*- 
ed  with  an  Acid. 

This  being  laid  down,  the  water  which  cannot  be  feparat- 
ed  from  Spirit  of  Wine  while  it  continues  Spirit  of  Wine, 
muft  become  fenfible  when  it  is  decompoied.  And  this  ac- 
tually comes  to'pafs:  for  if  you  rob  Spirit  of  Wine  of  one 
of  its  principles,  its  Oil,  for  inftance,  and  for  that  purpofe 
burn  it  under  a  giafs  bell,  as  you  do  Sulphur,  you  will  by 
this  means  collect  a  great  quantity  of  water,  even  though 
you  make  ufe  of  the  moll  highly  rectified  Spirit  of  Wine; 

3  Q^  which 
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which  proves  that  this  water  was  one  of  the  efTential  parts 
that  conftituted  the  Spirit. 

If,  inftead  of  depriving  this  mixt  of  its  oily  principle,  you 
feparate  from  it  one  of  its  other  principles,  fuch  as  its  Acid, 
it  is  plain  that  it  will  in  like  manner  be  decompofed,  and 
that  then  the  Oil  and  the  water,  which  were  combined  toge- 
gether  only  by  means  of  that  Acid,  will  feparate  from  one 
another,  and  appear  each  in  its  natural  form.  Now  this  is 
exactly  the  cafe  in  Van  Helmont's  experiment,  as  repeated 
by  Boerhaave.  The  Fixed  Alkali,  on  which  the  Spirit  of 
Wine  is  cohobated,  hath  a  greater  affinity  with  the  Acid  of 
this  mixt  than  with  its  phlegm  or  its  Oil.  It  therefore  unites 
with  part  of  that  Acid;  by  which  means  a  proportional 
quantity  of  its  Oil  and  water  muft  needs  feparate  from  each 
other,  and  of  courfe  a  portion  of  the  Spirit  of  Wine  will  be 
decompofed.  Accordingly  Boerhaave  obferved,  that,  in  de- 
phlegmating  Spirit  of  Wine  by  a  Fixed  Alkali,  a  portion  of 
Oil  is  always  feparated  from  it,  and  that  the  Alkali  employ- 
ed in  this  operation  is  impregnated  with  an  Acid,  fo  that, 
when  it  hath  been  feveral  times  ufed  for  this  purpofe,  it  ir 
almoft  changed  into  a  Neutral  Salt,  and  hath  acquired  the 
properties  of  the  Foliated  Salt  of  Tartar.  That  on  which 
Spirit  of  Wine  hath  been  cohobated  a  great  number  of  times 
muft  confequently  be  impregnated  with  a  great  quantity  of 
Acid ;  and,  as  the  Acid  carries  with  it  a  great  deal  of  water, 
it  is  not  furpriiing  that  when  the  Alkali,  thus  impregnated 
with  Acid  and  phlegm,  is  expofed  to  a  flrong  fire,  the  phlegm 
fhould  be  feparated  from  it :  feeing  the  union  between  them 
is  but  weak. 

Thus  it  appears  that  the  water  obtained  by  Mr.  Boerhaave, 
in  his  experiment,  came  immediately  from  the  Spirit  of 
Wine,  agreeably  to  Van  Helmont's  notion  ;  whofe  moft  in- 
telligent followers  have  clearly  explained  his  fentiments  on 
this  fubjeft,  telling  us,  as  their  author's  pofitive  aflertion, 
that,  "  in  his  experiment,  the  pureft  Spirit  of  Wine  depo- 
«*  fites  one  of  its  principles  in  the  Salt  of  Tartar ;  that  an- 
"  other  of  them  is  turned  into  water,  and  fo  feparated  from 
m  that  Spirit,  and  from  the  principle  attracted  by  the  Salt 
((  of  Tartar;  that  confequently  Spirit  of  Wine  certainly 
"  coniifts  of  thefe  two  principles,  which  may  be  feparated 
"  from  each  other ;  and  that  the  principle  which  unites  with 
«  the  Alkali  of  the  Tartar  changes  this  Salt  into  a  medica- 
«  ment,  or  Balfaro,  of  admirable  virtue  in  curing  wounds, 
«  known  by  the  title  of  the  Samech  of  Paracc/fus" 

It 
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It  may  here  be  afked,  why  Boerhaave  obtained  but  a  fmall 
quantity  of  water  in  this  experiment,  feeing  Van  Helmont 
pretends  that  it  ought  to  be  equal  to  half  the  weight  of  the 
Spirit  of  Wine.  The  moft  natural  anfwer  to  this  queftion 
is,  that,  as  Van  Helmont  did  not  publifh  all  the  circumftan- 
ces  of  his  experiment,  there  is  reafon  to  think  Boerhaave 
did  not  go  about  it  in  the  fame  manner  as  Van  Helmont 
did. 

In  my  opinion  he  would  have  fuccecded  perfe&ly,  and 
have  obtained  from  his  Spirit  of  Wine  the  whole  quantity  of 
water  he  defired,  if,  inflead  of  cohobating  it  always  on  the 
fame  Alkali,  he  had  taken  frefh  Alkali  every  time;  had 
drawn  a  tincture  from  it;  had  diftilled  his  Spirit  of  Wine 
from  this  Salt ;  and,  after  colle&ing  all  the  parcels  of  Alkali 
remaining  after  thofe  diftillations,  he  had  expofed  them  to  a 
ftrong  fire,  in  order  to  feparate  all  the  moifture  contained  in 
them.  Perhaps  alfo  fuch  a  great  number  of  cohobations  and 
diftillations  would  not  have  been  neceflary  to  decompofe  the 
Spirit  of  Wine  totally  by  this  method ;  efpecially  if  he  had 
employed  a  greater  quantity  of  Alkali  in  each  operation. 
For  it  is  evident,  that  a  Fixed  Alkali,  by  being  impregnated 
with  a  certain  quantity  of  the  Acid  and  water  of  the  Spirit 
of  Wine,  iofes  thereby  a  great  deal  of  its  ftrength  and  acti- 
vity, and  at  laft  becomes  incapable  of  abforbing  any  more ; 
fo  that,  when  it  is  entirely  faturated,  it  is  no  more  able  to 
a£t  upon  Spirit  of  Wine,  fo  as  to  decompofe  it,  than  fo 
much  Vitriolated  Tartar,  or  common  Sand.  Hence  you 
fee,  that  there  are  ftill  many  beautiful  experiments  to  be 
made  on  this  fubjecT:,  and  that  we  may  hope  by  a  regular 
courfe  of  them  to  obtain  a  perfect  folution  of  Van  Helmont's 
problem. 

In  the  following  procefles  we  (hall  treat  of  another  method 
of  decompofing  Spirit  of  Wine,  which  confifts  in  depriving 
it  of  its  eflential  water,  or  aqueous  principle,  by  the  means 
of  highly  concentrated  Acids, 
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CHAP.       II. 

Spirit    of    Wine    combined    'with    different    Sub- 
stances. 


PROCESS      I. 

To  combine  Spirit  of  Wine  with  the  Vitriolic  ,4cid.  This 
combination  decompounded.  RabcVs  Water.  lEther.  Sweet 
Oil  of  Vitriol.     Hoffman's  Anodyne  Mineral  Liquor. 

INTO  an  Englifh  glafs  retort  put  two  pounds  of  Spirit  of 
Wine  perfectly  dephlegmated,  and  pour  on  it  at  once 
two  pounds  of  highly  concentrated  Oil  of  Vitriol :  (hake  the 
retort  gently  feveral  times,  in  order  to  mix  the  two  liquors. 
This  will  produce  an  ebullition,  and  considerable  heat;  va- 
pours will  afcend,  with  a  pretty  loud  hilling  noife,  which 
will  diffufe  a  very  aromatic  fmell,  and  the  mixture  will  be  of 
a  deeper  or  lighter  red  colour,  according  as  the  Spirit  of 
Wine  was  more  or  lefs  oily.  Set  the  retort  on  a  fand-bath, 
made  nearly  as  hot  as  the  liquor;  lute  on  a  tubulated  ballon, 
and  dilf.il  the  mixture  with  a  fire  ftrong  enough  to  keep  the 
liquor  always  boiling:  a  very  aromatic  Spirit  of  Wine  will 
firft  come  over  into  the  ballon,  after  which  the  LEther  will 
rife.  When  about  five  or  11  x  ounces  of  it  are  come  off,  you 
will  fee  in  the  upper  concavity  of  the  retort  a  vaft  number 
of  little  points  in  a  veined  form,  which  will  appear  fixed, 
and  which  are  nevertheleis  fo  many  little  drops  cf  lEther, 
rolling  over  one  another,  and  trickling  down  into  the  receiv- 
er. Thefe  little  points  continue  to  appear  and  fucceed  each 
other  to  the  end  of  the  operation.  Keep  up  the  fame  degree 
of  fire,  till  upon  opening  the  little  hole  in  the  ballon  you 
perceive  that  the  vapours,  which  inftantly  fill  the  receiver* 
have  the  fuffocating  fmell  of  volatile  Spirit  of  Sulphur  *, 

Then 

L 

*  Thefe  white  vapours  do  not  appear  when  the  yelTels^re  perfectly  clcfe. 
Mr.  Hellot,  to  whom  we  owe  the  remark,  having  performed  this  operstkm 
in  a  cryftai  retort  procure  i  from  London,  the  neck  of  which  had  been  rub- 
bed with  emery  in  the  mouth  of  its  receivr,  fo  that  thefe  two  velfels  fitted 
each  other  exactly,  faw  the  aetheria!  liquor  liflij  pretty  faf,  but  without 
white  vapours.     He  then  loofened  the  receiver,  by  turning  it  a  little  upoiv 
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Then  unlute  the  ballon,  pour  the  liquor  it  contains  into  a 
cryftal  bottle,  and  ftop  it  clofe  :  there  will  be  about  eighteen 
ounces  of  it.  Lute  on  your  receiver  again,  and  continue 
the  di (filiation  with  a  greater  degree  of  fire.  There  will 
come  over  an  aqueous,  acid  liquor,  fmelling  ftrong  of  a  ful- 
phureous  fpirit,  which  is  not  inflammable.  It  will  be  accom- 
panied with  undulating  vapours  ;  which  being  condenfed 
will  form  an  oil,  moil  commonly  yellow,  one  part  of  which 
will  float  on  the  furface  of  the  liquor,  and  another  will  fink 
to  the  bottom. 

Towards  the  end  of  the  diftillation  of  this  acid  liquor, 
and  of  the  yellow  Oil  of  which  it  is  the  vehicle,  that  part  of 
the  mixture,  which  is  left  in  the  retort  and  grown  black,  will 
begin  to  rife  in  froth.  Then  fupprefs  your  fire  at  once  :  ftop 
the  diftillation,  and  change  your  receiver  once  more.  When 
the  veffels  are  grown  pretty  cool,  finifh  your  diitillation  with 
a  lamp-heat,  kept  up  for  twelve  or  fifteen  days,  which  in  all 
that  time  will  raife  but  a  very  little  fulphureous  fpirit.  Then 
break  your  retort,  in  which  you  will  find  a  black,  folid  mafs, 
like  a  Bitumen.  It  will  have  an  acid  tafle,  arifing  from  a  re- 
mainder of  the  Acid  imperfectly  combined  with  Oil. 

This  artificial  Bitumen  may  be  freed  from  its  redundant 
Acid,  by  warning  it  in  feveral  waters.  Then  put  it  into  a 
glafs  retort,  and  diftil  it  with  a  ftrong  reverberated  fire,  You 
will  obtain  a  reddifh  Oil  that  will  fwim  on  water,  much  like 
the  Oil  obtained  by  diftilling  the  natural  Bitumens.  This 
Oil  alfo  will  be  accompanied  with  an  aqueous  acid  liquor. 
In  the  retort  will  be  left  a  charred  matter,  which,  being  put 
into  an  ignited  crucible  in  the  fire,  burns  for  fome  time, 
and,  when  well  calcined,  leaves  a  white  earth. 

The  liquors  that  rife  firft  in  this  diitillation,  and  which  we 
directed  to  be  kept  by  themfelves,  are  a  mixture  confifting, 
1.  of  a  highly  dcphlegmated  Spirit  of  Wine,  of  a  mcft  fra- 
grant fmeil ;  2.  of  iEther,  which  the  Spirit  of  Wine  where- 
with it  is  united  renders  mifcible  with  water;  3.  of  a  por- 
tion of  Oil,  which  commonly  rifes  with  the  ^Ether,  towards 
the  end  of  the  operation ;  4.  and  fometimes  of  a  little  ful- 
phureous acid,  if  the  receiver  be  not  changed  foon  enough. 

In  order  to  feparate  the  JEthcr  from  thefe  other  fubftances, 
put  the  whole  into  an  Englifh  retort,  with  a  little  Oil  of 

the  neck  of  the  retort,  fo  that  the  external  air  might  get  in ;  whereupon  th<? 
white  vapours  appeared  immediately.  When  the  receiver  was  clofe  fitted  on 
again,  the  vapours  disappeared.  He  repeated  the  f-.me  thing  five  times  from 
half  hour  to  half  hour,,  and  thefe  vapours  as  often  appeared  and  difap- 
peared. 

Tartar 
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Tartar  per  dellquium  to  abforb  the  Sulphureous  Acid,  and 
diftil  very  flowly  in  a  fand-bath  heated  by  a  lamp,  till  near 

Jialf  the  liquor  be  come  over.  Then  ceafe  diftillin'g;  put  the 
iquor  in  the  receiver  into  a  phial  with  fome  water  and  fhake 
it  •,  you  will  fee  it  rife  with  rapidity  to  the  upper  part  of  the 
phial,  and  float  oh  the  furface  of  the  water :  this  is  the 
^Ether. 

OBSERVATIONS. 

,  This  operation  is  only  a  decompofition  of  Spirit  of  Wine 
by  means  of  Oil  of  Vitriol.  In  the  preceding  procefs  we 
faw  that  this  Spirit,  which  confifts  of  three  efTential  princi- 
ples, viz.  an  Oil,  an  Acid,  and  Water,  cannot  be  deprived 
of  one  of  them  without  being  at  the  fame  time  decompofed  ; 
the  two  others  that  remain  having,  by  fuch  feparation,  loft 
the  bond  of  intimate  union  and  connection  that  was  between 
them.  We  faw  alfo  that  Spirit  of  Wine,  when  mixed  and 
digefied  with  a  very  cauftic  Fixed  Alkali,  and  feveral  times 
diftilled  from  it,  depofites  its  Acid  in  that  Salt :  and  hence 
it  comes  that  the  Oil  and  the  Water,  being  deprived  of  the 
principle  which  was  the  bond  of  their  union,  feparate  from 
each  other,  and  appear  in  their  natural  forms. 

In  the  prefent  experiment,  the  Vitriolic  Acid  decompofes 
the  Spirit  of  Wine  in  a  different  manner.  We  know  that 
this  Acid  acts  powerfully  on  Oils ;  and  that,  when  it  is  high- 
ly concentrated,  as  the  operation  requires  it  fhould  be,  it 
feizes  and  attracts  with  furprifing  force  the  moiflure  of  all 
bodies  that  touch  it.  So  that,  when  it  is  mixed  with  Spirit 
of  Wine,  it  a£ts  at  the  fame  time  both  on  the  aqueous  and 
on  the  oily  principle  of  that  mixt.  The  rapidity  and  activi- 
ty, wherewith  it  rufhes  into  union  with  thefe  fubftarices,  pro- 
duce the  heat,  the  ebullition,  and  the  biffing  noife,  which 
\ve  obferve  during  the  firfl  moments  after  their  mixture. 

The  red  colour,  which  the  two  liquors  confounded  toge- 
ther acquire  after  fome  time,  is  owing  to  the  combination  of 
the  acid  with  the  oily  part ;  for  it  is  known  that  Oils,  as  co- 
lourlefs  as  Spirit  of  Wine,  fuch  as  the  EiTential  Oil  of  Tur- 
pentine, become  of  a  brownifh  red  when  diflblved  by  a  con- 
centrated Acid :  and  Kunckel  obferved,  that,  the  more  Oil 
there  is  in  Spirit  of  Wine  mixed  with  Oil  of  Vitriol,  the 
deeper  is  the  red  colour  it  acquires  on  being  fo  mixed.  He 
even  gives  this  experiment  as  the  certain  means  of  difcover- 
ing  whether  Spirit  of  Wine  be  more  or  lefs  oily;  and  he 
adds,  that  Spirit  of  Wine,  which  hath  loft  part  of  its  Oil  by 

being 
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being  rectified  with  Lime,  acquires  lefs  rednefs  than  any  o- 
ther  by  being  mixed  with  Oil  of  Vitriol. 

When  the  mixture  hath  acquired  this  colour,  and  before  it 
undergoes  diftillation,  it  appears  like  a  homogeneous  liquor. 
There  is  yet  no  decompofition  ;  or  at  leaft  none  that  is  per- 
ceptible ;  and  the  Vitriolic  Acid  is  united  at  the  fame  time 
with  the  Oil,  the  Acid,  and  the  Water  of  the  Spirit  of 
Wine  ;  that  is,  with  the  whole  Spirit  of  Wine  in  fubftance. 
This  mixture,  when  made  with  three  parts  of  Spirit  of  Wine 
to  one  of  Oil  of  Vitriol,  is  an  aftringent  remedy  much  ufed 
in  hemorrhages,  and  known  by  the  name  of  Rabel's  Water, 

The  actual  decompofition  of  the  Spirit  of  Wine  is  effect- 
ed by  the  diftillation.  The  firft  liquor,  or  the  firft  portion 
of  the  liquor  that  rifes  before  the  reft  hath  the  fmell  and  all 
the  properties  of  Spirit  of  Wine,  It  is  indeed  part  of 
the  Spirit  of  Wine  employed  as  an  ingredient  in  the  mixture; 
but,  being  abftracted  from  a  highly  concentrated  Oil  of  Vi- 
triol, which,  of  all  known  fubftances,  attracts  moifture  with 
the  greateft  power,  it  is  perfectly  freed  of  all  its  unneceffary 
phlegm,  and  retains  no  more  than  what  is  a  conftituent  part 
thereof,  as  one  of  its  principles,  without  which  it  would  not 
be  Spirit  of  Wine. 

The  liquor  that  fucceeds  this  firft  Spirit  of  Wine  is  of  a 
different  nature.  It  may  be  confidered  as  an  -ZEther  :  for, 
though  it  be  not  a  pure  .ZEther,  it  contains  the  whole  of  'it : 
from  this  liquor  only  can  it  be  obtained ;  it  is  no  other  than 
an  JEther  mixed  with  fome  of  the  Spirit  of  Wine  that  comes 
over  firft,  and  a  little  of  the  acid  liquor  which  comes  after- 
ward. Now  the  production  of  iEther  is  the  effect  of  a  be- 
ginning decompofition  of  the  Spirit  of  Wine :  it  is  Spirit  of 
Wine  degenerated,  half  decompofed ;  Spirit  of  Wine  too 
highly  dephlegmated ;  that  is,  Spirit  of  Wine  which  hath 
loft  a  part  of  its  effential  phlegm,  of  that  phlegm  which  as 
a  neceffiry  principle  made  it  Spirit  of  Wine  :  it  is  a  li- 
quor ftill  compofed  of  oily  parts  mixed  with  aqueous  parts,  and 
on  that  account  muft  retain  a  refemblance  of  Spirit  of  Wine  ; 
but  fuch  that  its  oily  parts,  not  being  diffolved  and  diffufed 
among  a  fufficient  number  of  aqueous  particles,  are  brought 
nearer  to  each  other  than  they  mould  be  to  conftitute  perfect 
Spirit  of  Wine ;  on  which  account  it  is  not  now  mifcible 
with  water,  but  is  as  much  nearer  to  the  nature  of  Oil,  as  it 
is  removed  from  the  nature  of  Spirit  of  Wine  :  it  is  a  liquor, 
in  fhort,  which,  being  neither  Spirit  of  Wine  nor  pure  Oil, 
yet  poffeffes  fome  properties  in  common  with  both,  and  is 
confequently  to  be  ranked  in  the  middle  between  them. 

This 
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This  explanation  of  the  nature  of  ^Ether,  which  I  imagine 
was  never  before  given  by  any  other,  is  the  fame  that  we 
propofed  in  our  Elements  of  the  Theory  of  Chymifiry,  which 
may  be  confulted  on  this  occafion. 

An  objection  againft  this  opinion  may,  perhaps,  be  drawn 
from  an  experiment  well  known  in  Chymiftry.  It  may  be 
faid,  that,  if  ^Ether  were  nothing  but  depraved  Spirit  of 
Wine,  which  ceafes  to  be  mifcible  with  water,  becaufe  the 
lofs  it  hath  fuftained  of  a  portion  of  the  water  neceflary  to 
its  constitution  hath  difordered  the  proportion  which  ought 
to  fubfift  between  its  aqueous  and  oily  parts,  from  which 
proportion  it  derives  that  property,  it  would  be  very  eafy  to 
change  Spirit  of  Wine  into  JEther  by  a  method  quite  con- 
trary to  the  ufual  one  ;  viz.  by  mixing  Spirit  of  Wine  with 
a  fufficient  quantity  of  fuperfluous  Oil :  for  it  feems  to  be  a 
matter  of  indifference  whether  the  proportion,  between  the 
aqueous  and  the  oily  parts  of  Spirit  of  Wine,  be  changed 
by  leffening  the  quantity  of  the  former,  as  in  the  com- 
mon operation  for  iEther,  or  by  increafing  the  quantity  of 
the  latter,  as  is  here  propofed ;  and  we  can,  by  the  laft  me- 
thod, put  thefe  two  principles  together  in  what  proportion 
we  pleafe.  Now  it  is  certain  that,  whatever  quantity  of  Oil 
be  dinolved  in  Spirit  of  Wine,  it  will  (till  remain  mifcible 
with  water;  and  that,  if  Spirit  of  Wine  thus  replete  with 
Oil  be  mixed  with  water,  it  will  unite  therewith  as  ufual, 
and  quit  the  Oil  which  it  had  diffolved. 

This  objection,  though  feemingly  a  very  fpecious  one, 
will  be  removed  with  the  utmoft  eafe,  if  we  reflect  but  ever 
fo  little  on  fome  of  the  principles  already  laid  down.  We 
faid,  and  we  gave  fome  inftances  of  it,  that  certain  fubftan- 
ces  may  be  united  together  in  fundry  different  manners :  fo 
that  from  thefe  combinations,  though  made  in  the  fame  pro- 
portions, there  mail  remit  compounds  of  very  diffimiiar  pro- 
perties. The  combination  we  are  now  considering  is  another 
evidence  of  this  truth.  It  is  allowed  that  the  proportion  be- 
tween the  oily  and  the  aqueous  parts  may  be  exactly  the  fame 
in  ./Ether  and  in  Spirit  of  Wine  replete  with  Oil ;  but  it 
muff  alfo  be  owmed  that  the  manner  in  which  the  Oil  is 
combined  in  thefe  two  c^fes  is  very  different. 

That  Oil,  which  at  firft  is  a  conftituting  part  of  the  Spirit 
of  Wine,  and  afterwards  becomes  a  part  of  the  /Ether,  is 
united  with  the  other  principles  of  thofe  mixta,  that  is,  with 
their  Acid  and  their  Water,  by  the  means  of  fermentation, 
whereby  it  is  much  more  attenuated,  and  much  more  clofeiy 
combined,  than  that  with  which  Spirit:  of  Wine  is  impreg- 
nated 
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nated  by  diffolution  only.  And  accordingly  this  adventitious 
Oil  is  fo  flighty  connected  with  Spirit  of  Wine,  that  it  19 
eafily  feparable  from  it  by  barely  diftilling  it,  or  even  mixing 
it  with  water  :  whereas  that  which  makes  a  part  of  the  Spi- 
rit of  Wine,  as  one  of  its  conftituent  principles,  is  united 
therewith  in  fuch  a  manner  as  not  to  be  feparable  from  it  by 
either  of  thefe  methods,  nor  indeed  without  employing  the 
mod  vigorous  and  powerful  agents  for  that  purpofe.  So  that 
the  chief  differences  between  ^Ether  and  Oily  Spirit  of  Wine 
muff,  be  afcribed  to  the  different  manner  in  which  the  Oil  is 
combined  in  thefe  two  mixts  :  and,  if  a  fufficient  quantity 
of  fupei -fluous  Oil  could  be  united  with  Spirit  of  Wine,  in 
fuch  a  manner  that,  without  being  foapy,  it  fhould  not  be 
feparable  therefrom  by  the  affufion  of  water,  I  make  no 
doubt  but  fuch  a  Spirit  of  Wine  would  be  perfectly  like 
jEther,  fo  far  as  not  to  be  mifcible  with  water. 

But  let  us  return  to  our  diftillation,  and  trace  the  decom- 
pofition  of  the  Spirit  of  Wine  by  the  Vitriolic  Acid.  We 
have  fhewn  that  the  Acid  begins  with  attracting  part  of  the 
Water  which  conititutes  the  Spirit  of  Wine,  by  which  means 
it  changes  the  nature  of  this  compound,  deflroys  its  mufci- 
bility  with  water,  and  brings  it  as  much  nearer  to  the  nature 
of  an  Oil  as  it  thereby  removes  it  from  the  nature  of  Spirit 
of  Wine. 

According  to  the  theory  laid  down  it  is  evident,  that,  if 
the  Acid  continue  to  a£t  in  the  fame  manner  on  Spirit  of 
Wine  thus  depraved  and  become  ^Ether;  that  is,  if  it  conti- 
nue to  draw  from  it  the  fmall  remaining  quantity  of  the  a- 
queous  principle,  to  which  it  owes  the  properties  it  ftill  re- 
tains in  common  with  Spirit  of  Wine,  this  mud  produce  a 
total  decompaction  thereof;  fo  that  the  oily  parts,  being  no 
longer  diffolved  and  divided  by  the  aqueous  parts,  wili  be 
collected  together,  unite,  and  appear  under  their  natural 
form,  with  all  their  properties.  Now  this  is  exactly  the  cafe. 
The  Vitriolic  Acid  riles  in  the  diftillation  after  the  -/Ether; 
but  confiderably  changed,  becauie  it  is  loaded  with  the  Mat- 
tered remains  of  the  decompofed  Spirit,  of  Wine.  It  is  in  a 
manner  fuffocated  by  the  Water  it  hath  attracted  from  the 
Spirit;  which  is  the  reafon  why  it  appears  in  the  form  of  a 
very  aqueous  acid  liquor.  It  carries  up  along  with  it  the  Oil 
which  it  hath  feparatcd  from  that  Water :  this  is  the  Oil  we 
took  notice  of  in  the  procefs ,  and  it  is  confequently  that  ve^ 
ry  Oily  principle  which  actually  conftituted  the  Spirit  of 
Wine.  Lailly,  by  acting  on  this  Oil  alfo,  it  takes  up  a 
portion  of  phlogifton,  which  renders  it  fulphureous. 

3  R  What 
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What  remains  in  the  retort  is  alfo  a  portion  of  the  Oil, 
that  was  contained  in  the  Spirit  of  Wine,  now  combined 
with  fome  of  the  Acid;  which  is  the  reafon  why  it  is  black 
and  thick.  It  is  a  compound  much  refembling  a  Bitumen, 
and  when  analyzed  yields  the  fame  principles  we  obtain  from 
native  Bitumens,  or  from  an  EfTential  Oil  thickened  and  half 
burnt  by  its  combination  with  concentrated  Oil  of  Vitriol. 

As  to  the  Acid  of  the  Spirit  of  Wine,  fome  of  it  remains 
combined  with  the  iEther :  but  there  is  great  reafon  to  think, 
that,  when  the  Vitriolic  Acid  robs  the  Spirit  of  Wine  of  its 
aqueous  part,  it  takes  up  at  the  fame  time  molt  of  its  Acid, 
which  being  itfelf  very  aqueous,  may  be  confidered  as  pure 
water  with  refpecl:  to  the  concentrated  Oil  of  Vitriol,  by 
which  it  is  attracted,  and  with  which  it  is  confounded. 

The  properties  which  chara&erife  ^Ether  agree  perfectly 
well  with  what  we  have  laid  of  its  nature,  and  of  the  man- 
ner in  which  it  is  produced.  It  is  one  of  the  lighter!  liquors 
we  know ;  it  evaporates  fo  fuddenly,  that,  if  a  little  of  it  be 
dropt  on  the  palm  of  your  hand,  you  will  fcarce  perceive  the 
part  it  touches  to  be  wet  by  it;  it  is  more  volatile  than  Spirit 
of  Wine ;  which  is  not  at  all  furprifing,  feeing  it  differs 
therefrom  only  by  containing  lefs  water,  which  is  the  heavi- 
eft  principle  in  Spirit  of  Wine. 

./Ether  is  more  inflammable  than  Spirit  of  Wine;  for,  if 
any  flame  be  brought  but  near  it,  it  immediately  catches  fire. 
The  reafon  of  this  is,  that  the  oily  parts  of  which  it  confifts 
are  not  only  as  much  attenuated,  and  as  fubtile,  as  thofe  of 
Spirit  of  Wine,  but  alfo  in  a  greater  proportion  with  regard 
to  its  aqueous  parts.  To  the  fame  caufe  muff,  be  attributed 
the  facility  with  which  it  diiTolves  any  oily  matters  what- 
ever. 

-*Ether  burns  without  fmoke,  as  Spirit  of  Wine  does,  and 
without  leaving  any  coal  or  earthy  matter  behind  ;  becaufe 
the  inflammable  or  oily  parts  contained  in  it  are,  in  this  re- 
fpecl;,  difpofed  like  thofe  of  Spirit  of  Wine. 

The  properties  of  not  being  mifcible  with  water,  and  of 
taking  up  Gold  difTolved  in  aqua  regis,  it  pofTefTes  in  com- 
mon with  EfTential  Oils ;  but  the  latter  property  it  pofTefT- 
es  in  a  much  more  fenfible  degree  than  any  Oil :  for  EfTen- 
tial Oils  fuftain  the  Gold  they  thus  take  up  but  a  little  while  j 
whereas  the  iEther  never  lets  it  fall.  It  feems  the  ancient 
Chymifts  were  unacquainted  with  the  iEther :  or  at  leaft,  if 
they  did  know  it,  they  made  a  myftery  of  it,  according  to  cu- 
ftom,  and  fpoke  of  it  only  in  enigmatical  terms.  Amongft 
the  moderns  Frobenius,  a  German  Chymift,  feems  to  have 

been 
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been  the  firft  who  brought  it  to  perfe&ion.  Godfrey  Hank- 
witz,  alfo  a  German,  but  fettled  in  England,  made  mention 
of  it  much  about  the  fame  time  in  the  Philofophical  Tranf- 
actions.  According  to  the  latter,  Mr.  Boyle  and  Sir  Ifaac 
Newton  both  knew  the  preparation  of  ./Ether,  for  which  they 
had  each  a  different  procefs.  But  none  of  thefe  Chymifts 
ever  publifhed  an  exacl:  and  circumftantial  account  of  a  me- 
thod by  which  this  liquor  might  be  prepared  :  fo  that  Meffrs. 
Duhamel,  GrofTe,  and  Hellot,  who  have  fince  made  feveral 
experiments  for  that  purpofe,  and  have  difcovered,  and  com- 
municated to  the  public,  eafy  and  certain  methods  of  procur- 
ing ^Ether,  had  no  afliflance  in  their  labours  but  from  their 
own  (kill  and  fagacity;  which  gives  them  a  juft  title  to  the 
honour  of  the  invention.  Mr.  Beaume  alfo,  a  very  ingeni- 
ous Artift  in  Paris,  who  hath  bellowed  a  great  deal  of  pains 
on  this  fubjeft,  lately  communicated  to  the  Academy  a  Me- 
moir, which,  among  feveral  very  important  obfervations, 
contains  the  commodious  and  expeditious  procefs  above  in- 
ferted.  As  there  are  many  experiments  in  Mr.  Hellot's  Me- 
moir, agreeing  perfectly  well  with  what  hath  been  faid  con- 
cerning the  decompofition  of  Spirit  of  Wine  by  the  Vitriolic 
Acid,  we  think  it  will  be  proper  to  take  notice  of  them  herei 
and  to  examine  them  briefly  at  leaft. 

The  quantity,  the  colour,  and  the  weight  of  the  Oil, 
which  rifes  in  the  diftiHation  at  the  fame  time  with  the  aque- 
ous acid  liquor,  are  various,  according  to  the  different  pro- 
portions of  Spirit  of  Wine  and  Oil  of  Vitriol  that  are  mixed 
together.  Mr.  Hellot  obferved  that  by  increafing  the  quanti- 
ty of  the  Vitriolic  Acid  he  obtained  more  of  this  Oil,  and 
lefs  of  the  Ardent  Spirit  containing  the  iEther.  The  reafon 
is  this:  the  more  Oil  of  Vitriol  you  put  in  the  mixture,  the 
more  Spirit  of  Wine  rauft  be  totally  decompofed,  and  con- 
fequently  the  more  of  this  Oil  will  be  obtained;  which,  as 
we  have  fhewn,  is  one  of  the  principles  refulting  from  the 
decompofition  of  Spirit  of  Wine. 

"■  This  Oil  is  alfo  lighter  or  heavier,  in  proportion  to  the 
"  quantity  of  Oil  of  Vitriol  poured  on  the  Spirit  of  Wrine. 
**  That  which  arifes  from  mixing  fix,  five,  four,  or  even 
"  three  parts  of  Spirit  of  Wine  with  one  part  of  concentrat- 
"  ed  Oil  of  Vitriol,  always  floats  on  the  water,  and  conti- 
"  nues  white.  That  which  afcends  from  two  parts  of  Spirit 
M  of  Wine  is  yellow,  and  moft  commonly  finks;  and,  laftly, 
"  that  which  is  produced  from  equal  parts  of  thefe  two  li- 
**  quors  is  greeniih,  and  conftantly  falls  to  the  bottom." 

3  R  %  Mr. 
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Mr.  Hellot  remarks,  on  this  occafion,  that  part  of  the 
Acid,  by  the  intervention  of  which  this  Oil  is  feparated, 
unites  therewith;  and,  to  the  greater  or  fmaller  quantity  of 
the  Acid  thus  combined  with  the  Oil,  he  imputes  its  being 
more  or  lefs  ponderous  :  which  is  the  mere  probable,  as  the 
heavieft  Oil  is  always  obtained  from  a  mixture  in  which  the 
Acid  bears  the  greater!  proportion,  and  vice  verfa.  Perhaps 
the  dhTerent  fpecific  gravity  of  EiTential  Oils  is  wholly  owing 
to  the  greater  or  fmaller  quantity  of  Acid  they  contain. 

Mr.  Hoffman  hath  made  feveral  obfervations  on  this  Oil, 
which  evidently  prov  that  it  contains  much  Acid.  He  fays, 
that,  if  it  be  kept  for  fome  time  in  a  bottle,  it  grows  red, 
and  lofes  its  tranfparency  ;  that  its  agreeable  aromatic  tafte 
becomes  acid  and  corrofive  •,  and  that  if  you  hold  it  over  the 
fire  in  a  filver  fpoon,  it  corrodes  it,  and  leaves  a  black  fpot 
on  it;  and  that  it  alfo  corrodes  Mercury,  when  heated  there- 
with in  a  matrafs.  To  this  Mr.  Pott  adds,  that  it  makes  a 
very  perceptible  effervefcence  with  Fixed  Alkalis-,  and  that 
being  rectified  by  thofe  falts  it  lofes  all  the  acid  properties 
obferved  by  Mr.  Hoffman. 

Mr.  Hellot  obtained  a  ftill  more  considerable  quantity  of 
this  Oil,  by  adding  three  or  four  ounces  of  a  Fat  Oil  to  the 
mixture  of  Spirit  of  Wine  with  the  Vitriolic  Acid.  Now, 
as  the  Oil  we  are  fpeaking  of  hath  the  properties  of  EiTential 
Oils,  and  is  foluble  in  Spirit  of  Wine,  Mr.  Hellot  obferves, 
that  Oil  of  Vitriol  by  uniting  with  Fat  Oils  converts  them 
into  Effential  Oils :  which  agrees  very  well  with  our  opinion 
concerning  the  caufe  of  the  folubility  of  Oils  in  Spirit  of 
"Wine-,  which,  in  the  Memoir  already  referred  to  on  other 
occafions,  we  attribute  to  an  Acid  fuperficially  and  flightly 
united  with  Oils. 

The  Oil  which  thus  rifes,  in  diftilling  Spirit  of  Wine  mix- 
ed with  the  Vitriolic  Acid,  is  known  by  the  name  of  the 
Sweet  Spirit  of  Vitriol.  This  name  is  very  improper,  be- 
caufe  it  may  iuggeft  a  notion  that  this  Oil  derives  its  origin 
from  the  Vitriolic  Acid,  as  fome  Chymifts  have  erroneoufly 
thought;  whereas  it  comes  entrely  from  the  Spirit  of  Wine, 
as  we  have  {hewn.  If  any  rcafon  can  be  affigned  for  keep- 
ing up  the  name,  it  muft  be  becauie  or  the  confiderablQ 
quantity  of  the  Vitriolic  Acid  that  remains  in  the  combina- 
tion, and  is  dulcified  by  its  union  with  the    -pint  «t  Wine. 

This  Oil  is  an  ingredient  in  Hoffman's  iaitious  /niodyne- 
Mineral  Liquor.  That  liquor  is  thought  to  be  nothing  but; 
this  very  Oil  diffolved,  and  combined  with  the  two  iiquors 
that  rife  firft  in  the  diftillation,  and  immediately  before  the 
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fulphureous  acid  phlegm.  It  diffblves  very  eafily  and  qinck- 
Jy  in  thofe  fpirituous  menftrua ;  fo  that,  if  you  intend  to 
have  it  by  itfelf,  and  to  prevent  its  recombining  with  the  li- 
quors that  come  off  before,  (which  fhould  be  prevented,  be- 
caufe  it  hinders  the  feparation  of  the  iEther),  you  mud  take 
great  care  to  change  the  receiver  as  foon  as  the  acid  phlegm 
with  which  it  rifes  begins  to  appear. 

We  have  feen  that,  by  the  methods  which  Mr.  Hdlot 
hath  pointed  out,  this  Sweet  Oil  of  Vitriol  may  be  increased, 
both  in  weight  and  quantity.  In  that  ingenious  Chymift's 
Memoir  we  alfo  find  fome  methods  of  preventing  it  from 
rifing  in  the  diftillation.  They  confift  wholly  in  the  addition 
of  fome  Abforbent  bodies,  which,  he  tells  us,  divert  the  ac- 
tion of  the  Vitriolic  Acid,  at  leaft  in  fome  meafure,  from 
the  inflammable  part  of  the  Spirit  of  Wine.  One  of  thefe 
methods  is  as  follows. 

M  Put  into  Spirit  of  Wine  as  much  foft  Soap  as  it  can 
"  diflblve :  filter  it,  and  pour  on  it  fome  of  the  heavier!  and 
"  mod  concentrated  Oil  of  Vitriol :  fhake  the  mixture. 
**  The  Soap  will  be  inftantly  decompounded,  and  its  Oil 
•"  will  float  on  the  furface;  becaufe  the  Vitriolic  Acid  robs 
(i  it  of  the  Alkali,  which  renders  it  mifcible  with  Spirit  of 
"  Wine.  Diftil  it,  and  you  will  obtain  but  a  very  little  of 
*<  Rabel's  water ;  which,  moreover,  will  have  the  difagree- 
"  able  fmell  of  a  moil  rancid  Oil.  There  will  afterwards 
<e  afcend  a  great  quantity  of  Spirit  of  Wine  having  the  fame 
M  fmell;  then  an  aqueous,  acid,  and  fulphureous  liquor; 
"  but  not  a  drop  of  yellow  Oil.  Mean  time  there  forms  a 
"  bituminous  fungus,  of  feme  confidence,  rifing  above  the 
"   Oil  of  the  Soap  which  floats  on  the  reft  of  the  liquid. " 

Moft  of  the  Vitriolic  Acid  having  been  abforbed  by  the 
Alkali  of  the  So<ip,  in  this  experiment,  as  Mr.  Heliot  ob- 
ferves,  it  is  not  furprifing  that  it  fhould  not  a£r.  upon  the 
Spirit  of  Wine  with  fo  much  efficacy  as  to  decompofe  it,  and 
feparate  its  Oil.  For  the  fame  reafon  but  a  little  of  Rabel's 
Water  comes  over,  and  almoft  ail  the  Spirit  of  Wine  rifes 
without  undergoing  any  fenfible  alteration.  The  difagreeable 
fmell  of  thofe  liquors  comes  from  the  Oil  of  the  Soap,  which, 
being  naturally  heavy,  remains  behind  in  the  retort,  where 
it  grows  rancid  and  is  partly  burnt. 

The  laft  experiment  in  Mr.  Hellot's  Memoir,  of  which  we 
fhall  take  notice,  is  a  peculiar  procefs  'for  preparing  iEther; 
"by  means  whereof,  with  the  help  of  an  earthy  medium,  it  is 
eafy  to  diftil  the  vinous  acid  Spirit  containing  the  ./Ether, 
"without  any  feniible  change  of  fmell  from  the  beginning  to 
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the  end  of  the  operation ;  without  its  being  fucceeded  by  an 
acid  fulphureous  liquor,  oil,  black  fcum,  refin,  or  bitumen; 
and  without  the  neceffity  of  t  iking  any  great  care  about  the 
management  of  the  fire,  as  the  liquor  may  always  be  kept 
boiling  in  the  retort,  and  diitilled  to  drynefs  without  any 
danger.  This  medium  is  common  potter's  earth.  Mr.  Hellot 
puts  (ix  ounces  thereof,  well  dried  and  pulverized,  into  a 
large  retort,  with  one  pound  of  Spirit  of  Wine  and  eight 
ounces  of  Oil  of  Vitriol.  Thefe  he  digefts  together  three  or 
four  days.  The  mixture  acquires  no  fenfible  colour.  He 
fets  the  retort  in  a  fand-bath,  and  continues  the  diftillation 
to  drynefs  with  a  moderate  charcoal  fire.  Excepting  a  few 
drops  that  rife  firft,  and  which  are  pure  Spirit  of  Wine,  all 
the  reft  of  the  liquor  that  diftiJs  hath  eonftantly  the  fmell  of 
^Ether:  which  is  even  fornewhat  more  penetrating  than  that 
of  the  vinous  acid  Spirit  obtained  without  .the  intervention  of 
this  earthy  medium. 

We  have  {hewn,  that  the  production  of  the  ^ethereal  li- 
quor is  owing  to  a  femi-decompofition  of  the  Spirit  of  Wine 
effected  by  the  Vitriolic  Acid  during  the  diftillation  ;  that 
this  Acid  continuing  to  act,  produces  a  total  decompofition, 
or  perfect  feparation  of  the  Oil  and  Phlegm  of  the  Spirit  of 
Wrine  from  each  other;  and  that  the  Vitriolic  Acid,  uniting 
with  thefe  two  principles,  forms  the  fulphureous  phlegm,  the 
fluid  oil,  and  the  bituminous  matter,  all  frequently  mention- 
ed above.  Why  then,  in  this  experiment  of  Mr.  Hellot's, 
do  we  obtain  only  a  Spirit  of  Wine  replete  with  ^Etber, 
white  none  of  the  other  productions  appear?  The  reafon  is 
a  very  natural  one,  and  very  clear  :  it  is  this  ;  the  potter's 
clay  containing  an  earth  of  that  kind  which  we  called  Ab- 
sorbent, becaufe  it  polTeiTes  the  property  of  uniting  with 
Acids,  that  earth  joins  with  the  Vitriolic  Acid  in  the  mix- 
ture, reduces  it  to  a  Neutral  Salt,  and  thereby  prevents  its 
continuing  to  act  upon  the  Spirit  of  Wine,  as  is  necefiary  to 
the  total  decompofition  thereof. 

Mr.  Hellot  fays  on  this  qccafion,  «  that  part  of  the  Vitri- 
"  olic  Acid  turning  its  action  on  this  foiuble  earth  or  bole, 
t(  which  it  finds  in  the  potter's  clay,  ceafes  to  act:  on  the  in- 
«c  flammable  principle  of  the  Spirit  of  Wine;  that,  confe- 
"  quently,  as  there  is  not  an  immediate  and  continuous 
c(  combination  of  thefe  two  fubftances,  neither  a  refin  nor  a 
<<  bitumen  can  refult  therefrom.  This  is  fo  true,  that  a  great 
**  part  of  the  Oil  of  Vitriol  may  be  afterwards  recovered 
€i  from  the  potter's  clay  as  colourlefs  as  when  it  was  firft 
<f  ufed." 

Mr. 
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Mr.  Hellot  makes  ufe  of  the  following  method  for  procur- 
ing the  iEther  from  the  acid  vinous  Spirit  obtained  by  this 
diftillation.     "  You  muft,"   fays  he,  «  put  all  this  liquor 

#  into  a  glafs  body,  made  of  one  piece  with  its  head ;  pour 
"  upon  it,  through  the  hole  in  the  upper  part  of  the  head, 
<c  twice  or  thrice  as  much  well-water,  the  hardeft  to  the 

*  tafte,  and  the  molt  impregnated  with  gypfum,  that  can 
«*  be  got.  Very  pure  water,  he  obferves,  produces  much 
"  lefs  ^Ether. 

"  If  the  vinous  acid  Spirit  have  fuch  a  fulphureous  fmell, 
c<  as  to  occafion  a  fufpicion  that  it  contains  a  little  too  much 
"  of  a  Volatile  Vitriolic  Acid,  you  rnuft  add  to  the  water  two 
"  or  three  drams  of  Salt  of  potafh  to  abforb  that  Acid  ;  and 
"  then  diftil  with  a  lamp-heat. 

"  While  any  true  ./Ether  remains  in  the  mixture,  you  will 
<e  fee  it  afcend  like  a  white  pillar  ifluing  from  the  midft  of 
"  the  liquor,  and  confirming  of  an  infinite  number  of  air 
"  bubbles  inexpreffibly  fmall.  Nothing  feems  to  condenfe 
"  in  the  cavity  of  the  head,  which  always  remains  clear,  and 
«*  without  any  vifiblc  humidity.  The  gutts  which  light  on 
<c  the  fides  of  the  receiver,  inftead  of  forming  a  net-work 
<f  thereon,  as  Spirit  of  Wine  doth  when  it  is  a  little  aque- 
**  ous,  fpread  to  the  breadth  of  two  inches  or  more,  when 
'*  they  confift  of  true  ^Ether.  As  ioon  as  you  perceive  this. 
«  track  begin  to  grow  confiderably  narrower,  the  fire  muft 
"  be  put  out ;  for  what  rifes  afterwards  will  be  mixed  with 
**  water,  and  communicate  that  fault  to  the  .ZEther  already 
"  collected  in  the  receiver. 

"  Then  pour  this  setherial  liquor  into  a  long  bottle,  and 
<(  add  to  it  an  equal  quantify  of  well-water.  Shake  the  bot- 
"  tie;  the  liquor  will  become  milky,  and  the  true  ^Ether 
«  will  inftantly  feparate,  float  upon  the  water,  and  mix  no 
"  more  with  it.  Separate  it  then  by  a  liphon,  and  keep  it 
"  in  a  glafs  bottle  fhut  clofe  with  a  glafs  Hopple.'' 


PROCESS     II. 

Spirit  of  Wine  combined  with  Spirit  of  Nitre*    Sweet  Spirit 
of  Nitre, 

INTO  an  Englifh  retort  of  cryftal  glafs  put  fome  highly 
rectified  Spirit  of  Wine ;  and,  by  means  of  a  glafs  fun- 
nel with  a  long  pipe,  let  fall  into  your  Spirit  of  Wine  a  few 
drops  of  the  Smoking  Spirit  of  Nitre*     There  will  arife  in 
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the  retort  an  effervefcence  attended  with  heat,  red  vapours, 
and  a  hilling  noife  like  that  of  a  live  coal  quenched  in  water. 
Shake:  the  veffel  a  little,  that  the  liquors  may  mix  thorough- 
ly, and  that  the  heat  may  be  equally  communicated  to  the 
whole.  Then  add  more  Spirit  of  Nitre,  but  in  a  very  fmall 
quantity,  and  with  the  fame  precautions  as  before.  Conti- 
nue thus  adding  Spirit  of  Nitre,  by  little  and  little  at  a 
time,  till  you  have  put  into  the  retort  a  quantity  equal  to  a 
third  part  of  your  Spirit  of  Wine.  Let  this  mixture  ftand 
quiet,  in  a  cool  place,  for  ten  or  twelve  hours ;  then  fet  it  to 
digeft  in  a  very  gentle  warmth  for  eight  or  ten  days,  having 
firft  luted  on  a  receiver  to  the  retort. 

During  this  time  a  fmall  quantity  of  liquor  will  come  o- 
yer  into  the  receiver,  which  muft  be  poured  into  the  retort. 
Then  diftil  with  a  fomewhat  (Ironger  degree  of  heat,  but  ftill 
very  gently,  till  nothing  be  left  in  the  retort  but  a  thick  mat- 
ter. In  the  receiver  you  will  find  a  fpirituous  liquor,  of  a 
quick  grateful  fmeil,  which  will  excite  a  very  fmart  fenfation 
on  the  tongue,  but  without  any  corrofive  acrimony.  This  is 
The  Sweet  Spirit  of  Nitre. 

OBSERVATIONS. 

By  this  operation  Spirit  of  Nitre  is  combined  with  Spirit 
of  Wine;  thefe  two  liquors  being  united  with  each  other, 
much  in  the  fame  manner  as  the  Vitriolic  Acid  is  with  Spirit 
of  Wine  in  RabeFs  Water. 

The  proportion  of  the  liquors  which  form  this  combina- 
tion is  not  abfolutely  determined,  and  the  feveral  authors 
who  have  written  on  the  fubjeel  differ  much  about  it.  Some 
require  equal  parts  of  the  ingred:?nts;  others  again  from  two 
as  far  as  ten  parts  of  Spirit  of  Wine  to  one  of  Spirit  of  Ni- 
tre. This  depends  on  the  degree  to  which  the  Spirit  of  Ni- 
tre made  ufe  of  is  concentrated,  and  on  the  greater  or  lefs 
acidity  which  your  dulcified  Spirit  of  Nitre  is  intended  to 
have. 

The  Difpenfatory  of  the  College  of  Paris  orders  one  part 
of  Spirit  of  Nitre  diftilled  from  dried  clay,  that  is,  of  Spirit 
which  doth  not  fmoke,  to  be  mixed  with  two  parts  of  recti- 
fied Spirit  of  Wine,  and  the  whole  to  (land  in  digeftion  for 
a  month,  without  diftiHing  the  mixture  at  all.  This  is  a 
very  good  method  :  becaufe  the  long  digeftion  fupplies  the 
place  of  diftillation,  and  the  Spirit  of  Nitre,  not  being  high- 
ly concentrated,  doth  not  greatly  alter  the  Spirit  of  Wine; 
befides  that  many  inconveniences,  to  be  prefently  taken  no* 
tice  of,  are  by  this  means  avoided. 

But 
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But  as  our  defign  Is  not  to  defcribe  fuch  Chymical  prepa- 
rations only  as  are  commonly  ufed  in  medicine,  our  plan  re- 
quiring us  to  treat  particularly  of  thofe  which  may  give  any 
light  into  the  fundamental  properties  of  bodies,  the  procefs 
here  fet  down  appeared  the  fitfdft  for  our  purpofe  ;  becaufe 
the  aclion  which  Spirit  of  Nitre  exerts  upon  Spirit  of  Wine 
is  therein  ftronger  and  more  perceptible. 

One  of  the  firft  particularities  attending  the  mixture  of 
thofe  two  liquors,  is  the  great  efrervefcence,  accompanied 
with  violent  heat,  abundance  of  fumes,  and  loud  hilling, 
which  arifes  as  foon  as  the  Spirit  of  Nitre  and  the  Spirit  of 
Wine  come  into  ~oonta£t  with  each  other.  There  is  great 
reafon  to  think,  that  thefe  phenomena  are  produced  only  by 
the  rapidity  and  vigour  with  which  the  Nitrous  Acid  ruilies 
into  union  with  the  inflammable  part  of  the  Spirit  of  Wine. 
We  obierved,  in  treating  of  the  JEthzr,  that  phenomena  of 
the  fame  kind  appear  at  the  inftant  when  the  Vitriolic  Acid 
unites  with  Spirit  of  Wine  :  but  on  that  occaiion,  how  high- 
ly foever  the  Vitriolic  Acid  be  concentrated,  all  thefe  effects 
are  in  a  Ids  degree  than  thofe  produced  in  the  prefent  expe- 
riment ;  becaufe  the  Nitrous  Acid,  though  weaker  than  the 
Vitriolic,  generally  a£ts  much  more,  vigorously  and  violent- 
ly on  the  bodies  with  which  it  unites,  than  any  other  fort  of 
Acid. 

Concerning  thefe  mixtures  of  Acids  with  Spirit  of  Wine, 
Mr.  Pott  obferves,  that  it  is  not  a  matter  of  indifference 
whether  you  pour  the  Spirit  of  Wine  upon  the  Acid,  or  the 
Acid  on  the  Spirit  of  Wine;  but  that  every  thing  pafTes 
much  more  quietly,  when  the  Acid  is  poured  to  the  Spirit  of 
Wine,  than  when  the  contrary  is  done  :  and  he  gives  the 
true  reafon  thereof;  to  wit,  that  when  the  Acid  is  poured  on 
the  Spirit  of  Wine  it  finds  in  that  liquor  a  great  quantity  of 
water,  with  which  it  immediately  unites;  that  this  weakens 
it,  and  hinders  it  from  acting  on  the  inflammable  part  with 
fo  much  impetuofity  as  it  otherwife  would;  and  therefore  he 
advifes  that  fuch  mixtures  be  always  made  in  this  manner. 
But  it  is  evident  that  this  advantage  is  gained  only  by  mixing 
the  Acid  with  the  Spirit  of  Wine  very  gradually,  and  drop 
by  drop,  as  directed  in  the  procefs  alter  Mr.  Pott.  For,  if 
the  two  liquors  were  to  be  mixed  together  fuddenly,  and  all 
at  once,  it  is  certain  that  the  Acid  would  not  meet  with  a 
fingle  drop  of  phlegm  more  or  lei's-  in  that  way  than  in  the 
other. 

Therefore  the  chief,   and,  in  fome  meafure,  the  only  pre- 
caution necefiary  to  be  taken,  in  the  making  of  fuch   mix- 
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tures,  to  prevent  the  violent  effervefcence  and  other  inconve- 
niences that  may  attend  it,  fuch  as  explofion,  and  the  burft- 
ing  of  the  vefTels,  is  to  pour  but  a  very  fmall  quantity  of  one 
jiquor  into  the  other  at  a  time,  and  to  add  no  more  till  the 
effervefcence,  and  even  the  heat,  produced  by  the  firft  por- 
tion, be  entirely  ceafed*  With  thefe  precautions  you  may 
proceed  either  way,  and  be  always  fure  that  the  vefTels  will 
not  burft ;  becauie  it  is  in  your  power  to  add  fuch  a  fmall 
quantity  of  liquor  at  a  time,  as  (hall  fcarce  produce  a  fenfi- 
ble  effervefcence.  We  own,  however,  that  Mr.  Pott's  ob- 
fervation  is  a  very  juft  one.  There  is  even  an  advantage  in 
pouring  the  Acid  to  the  Spirit  of  Wine,  as  he  directs ;  which 
is,  that  the  mixture  is  a  little  fooner  made,  and  without  any 
danger. 

We  have  fhewn,  that  the  Vitriolic  Acid  becomes  aqueous 
and  fulphureous  by  mixing  Spirit  of  Wine  with  it :  the  Ni- 
trous Acid  is  changed  by  this  mixture  in  a  manner  no  lefs 
remarkable.  Mr.  Pott  obferves,  that  when  Spirit  of  Nitre 
is  dulcified,  that  is,  when  it  is  perfectly  combined  with  Spi- 
rit of  Wine,  it  lofes  the  difagreeable  odour  peculiar  to  it, 
and  acquires  another  that  is  quick  and  fragrant ;  it  doth  not 
afterwards  emit  any  red  fumes  ;  it  rifes  with  a  lefs  degree  of 
heat  than  when  pure ;  it  atts  with  lefs  vigour  on  Fixed  Alka- 
lis and  Abibrbent  earths.  Laftly,  we  fhall  here  relate  an  ex- 
periment made  by  that  Cbymift,  which  feems  to  prove  that 
the  Nitrous  Acid  lofes  its  moft  characteriftic  properties,  and 
entirely  changes  its  nature,  by  being  combined  with  Spirit 
of  Wine. 

Mr.  Pott  examined  the  thick  liquor  left  in  the  retort,  when 
the  dulcified  Spirit  of  Nitre  is  diftilled  off.  By  analyzing 
it  he  obtained  an  acid  liquor,  of  a  yellow  colour,  and  of  a 
fomewhat  empyreumatic  fmell.  This  Acid  was  followed  by 
fome  drops  of  a  red  empyreumatic  Oil ;  and  there  remained, 
at  the  bottom  of  the  diltillrng  veffel,  a  black,  mining,  char- 
red matter,  like  that  which  remains  after  the  rectification  of 
a  fetid  Oil. 

The  Oil  extracted  from  this  refidue  is  a  portion  of  that 
which  helped  to  constitute  the  Spirit  of  Wine ;  being  fepa- 
rated  therefrom  by  the  Nitrous  Acid,  in  the  fame  manner  as 
that  treated  of  in  the  preceding  procefs,  and  called  Sweet 
Oil  of  Vitriol^  is  feparated  by  the  Vitriolic  Acid.  But  as  the 
Nitrous  Acid,  which  is  weaker  than  the  Vitriolic,  doth  not 
fo  effectually  decompofe  the  Spirit  of  Wine,  the  Oil,  obtain- 
ed in  the  prefent  experiment,  is  in  fmaller  quantity  than  that 
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procured  in  the  diftillation  of  a  mixture  of  the  Vitriolic  Acid 
with  Spirit  of  Wine. 

As  to  the  Acid  which  Mr.  Pott  drew  off  in  his  experiment, 
there  is  great  reafon  to  think  it  a  part  of  that  which  was  an 
ingredient  in  the  mixture  •,  namely,  of  the  Nitrous  Acid. 
And  yet  Mr.  Pott  having  faturated  with  a  Fixed  Alkali  one 
part  of  the  refiduum,  which  he  had  a  mind  to  examine  be- 
fore the  Acid  was  feparated  from  it  by  diftillation,  and  ex- 
pecting this  matter  to  contain  a  regenerated  Nitre,  he  threw 
it  on  a  live  coal  •,  but  was  furprifed  to  fee  it  burn  without  the 
lead  fign  of  detonation  ;  and  thence  concluded,  that  the  Ni- 
trous Acid  had  changed  its  nature.  This  experiment,  he 
thinks,  may  furnifh  hints  for  the  tranfmutation  of  Acids; 
and  he  is  of  opinion,  that  the  Nitrous  Acid  lofes  its  virtue 
of  detonating,  in  the  prefent  cafe,  only  becaufe  its  inflam- 
mable part,  to  which  it  owes  its  diflinguifhing  properties, 
hath  deferted  it,  and  joined  with  that  of  the  Spirit  of  Wine, 

Indeed  if  the  Acid  obtained  by  Mr.  Pott,  which  being  re- 
duced to  a  Neutral  Salt  doth  not  detonate,  derives  its  origin 
from  the  Nitrous  Acid  that  was  combined  with  the  Spirit  of 
Wine,  there  is  no  doubt  of  its  being  depraved  in  a  peculiar 
manner,  and  having  entirely  changed  its  nature.  But  may 
we  not  fuppofe  it  to  have  another  origin  ?  May  it  not  be  the 
Acid  of  the  Spirit  of  Wine  itfelf,  refulting  from  the  decom* 
pofition  of  that  mixt  in  the  diftillation? 

Mr.  Navier,  whom  we  mentioned  in  our  Elements  of  the 
Theory,  extracted  a  very  lingular  oily  liquor  from  the  mix- 
ture of  Spirit  of  Wine  and  Spirit  of  Nitre,  without  diftilla- 
tion, and  even  without  the  help  of  fire.  He  put  equal  parts 
of  the  two  liquors,  by  meafure,  not  by  weight,  into  a  bottle, 
which  he  flopped  dole  with  a  good  cork,  faftened  down  with 
pack-thread.  Nine  days  afterwards  he  found  about  a  fixth 
part  of  the  mixture  feparated  from,  and  floating  on,  the  reft: 
of  the  liquor.  This  was  a  very  fine  ^ethereal  Oil,  very  lim- 
pid, and  almoft  as  colourlcfs  as  water. 

In  another  experiment  Mr.  Navier  fubftituted  a  folution 
of  Iron  in  the  Nitrous  Acid  for  pure  Spirit  of  Nitre ;  and 
with  this  folution  he  mixed  an  equal  weight  of  Spirit  of 
Wine.  From  the  mixture,  after  a  fermentation  which  ap- 
peared in  it,  he  obtained  by  the  fame  method  an  icthereai 
Oil,  like  that  of  his  former  experiment;  except  that  the  lat- 
ter, which  was  at  firft  as  colourlefs  as  the  other,  acquired  a 
rednefs  in  the  fpace  of  about  three  weeks.  He  conjectures, 
with  probability,  that  this  colour  proceeded  front  ibme  parti- 
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cles  of  Iron  which  were  united  with  it,  and  which  gradually- 
exhaled. 

If  a  few  drops  of  Oil  of  Tartar  per  deliquhim  be  poured 
on  this  Oil,  as  foon  as  it  is  feparated,  there  appears  at  firfl 
no  fenfible  change  therein  :  but  after  fome  time  needle-like 
cryftals  (hoot  in  it,  which  are  a  true  regenerated  Nitre;  and 
if  the  bottle  be  then  unftopped,  the  liquor  emits  a  moft  pun- 
gent nitro-fulphureous  odour;  which  leaves  no  doubt  of  this 
Oil's  containing  a  Nitrous  Acid.  When  it  is  thus  freed  of 
its  Acid,  by  means  of  the  Oil  of  Tartar,  it  is  much  more 
volatile  than  before. 

Neither  the  Vitriolic  nor  the  Marine  Acid  is  capable  of 
ieparating  fuch  an  Oil  from  Spirit  of  Wine  :  but  the  Nitrous 
Acid  always  produces  it,  even  when  it  is  not  concentrated, 
and  doth  not  frnoke. 

It  is  very  certain  that  this  Oil  derives  its  origin  from  the 
Spirit  of  Wine :  but  there  are  not  yet  experiments  enough 
made  upon  it,  to  enable  us  to  fpeak  very  accurately  about  the 
manner  in  which  this  liquor  is  formed,  or  of  the  caufe  of  its 
reparation  from  the  Spirit  of  Wine. 


PROCESS     III. 

Spirit  of  Wine  combined  ivitb  the  Acid  of  Sea-falt.     Dulci- 
fied Spirit  of  Salt. 

MIX  together,  little  by  little,  in  a  glafs  retort,  two  parts 
of  Spirit  of  Wine  with  one  part  of  Spirit  of  Salt. 
Set  this  mixture  to  digeft  for  a  month  in  a  gentle  heat,  and 
diltil  it,  till  nothing  remain  in  the  retort  but  a  thick  matter. 

OBSERVATIONS. 

The  Acid  of  Sea-falt  is  much  lefs  difpofed  to  unite  with 
inflammable  matters  than  the  other  two  mineral  Acids;  and 
therefore,  though  it  be  ever  fo  highly  concentrated,  when 
mixed  with  Spirit  of  Wine,  it  never  produces  an  efTervef- 
cence  comparable  to  that  whieh  is  produced  by  the  Spirit  of 
Nitre.  Neither  the  proponicn  nor  flrength  of  the  Spirit  of 
Salt,  requifite  to  prepare  the  Sweet  Spirit  of  Salt,  are  una- 
nimouily  agreed  upon  by  Authors.  Some  direct:  equal  parts 
of  the  two  liquors;  while  others  prefcribe  from  two  to  four 
or  five  parts  of  Spirit  of  Wine  to  one  part  of  Spirit  of  Salt. 
Some  ufe  only  common  Spirit  of  Salt  5  others  require  the 
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Smoking  Spirit,  diftilled  by  means  of  Spirit  of  Vitriol. 
Laftly,  fome  order  the  mixture  to  be  diftilled,  after  fome 
days  digeftion  *,  and  others  content  themfelves  with  barely 
digefting  it.  The  whole  depends  on  the  degree  of  ftrength 
which  the  Sweet  Spirit  of  Salt  is  intended  to  have.  This 
compofition,  as  well  as  the  Sweet  Spirit  of  Nitre,  is  efteem- 
ed  in  medicine  to  be  very  aperitive  and  diuretic. 

When  the  mixture  of  Spirit  of  Salt  and  Spirit  of  Wine  is 
diftilled,  there  comes  over  but  one  liquor,  which  appears  ho- 
mogeneous. This  is  the  Sweet  Spirit  of  Salt.  The  nature 
of  the  Marine  Acid  is  not  changed  in  this  combination  :  the 
Acid  is  only  weakened  and  rendered  more  mild  ;  but  in  other 
refpe&s  it  retains  its  chara&eriftic  properties. 

Some  authors  pretend,  that  an  Oil  is  obtained  by  diftilling 
the  mixture  for  the  Sweet  Spirit  of  Salt;  but  others  exprefs- 
ly  deny  the  fa&.  This  variety  may  be  occafioned  by  the 
quality  of  the  Spirit  of  Wine  employed.  It  would  not  be 
furpriiing  if  a  Spirit  of  Wine,  which  contains  much  Oil 
that  is  unneceflary  to  its  nature,  and,  as  it  were,  adventi- 
tious to  it,  mould  yield  an  Oil  when  diftilled  with  Spirit  of 
Salt. 

The  thick  refidue,  found  in  the  retort  after  diftillation, 
contains  the  moft  ponderous  part  of  the  Acid,  united  with 
part  of  the  Spirit  of  Wine.  If  the  diftillation  be  continued 
to  drynefs,  there  remains  in  the  retort  a  black  charred  mat- 
ter, much  like  that  which  is  left  by  the  combinations  of  Spi- 
rit of  Wine  with  the  other  Acids. 

A  fweet  Spirit  of  Salt  may  alfo  be  prepared  by  digefting 
Spirit  of  Wine  with,  or  diftiiling  it  from,  metallic  compofi* 
tions  replete  with  the  Marine  Acid  adhering  but  {lightly  to 
them;  fuch  as  Corrofive  Sublimate,  and  Butter  of  Antimo- 
ny. Part  of  this  Acid,  which  is  very  highly  concentrated, 
quits  the  metallic  fubflance  with  which  it  is  but  fuperficially 
combined,  in  order  to  unite  with  the  Spirit  of  Wine.  If 
Butter  of  Antimony  be  ufed  for  this  purpofe,  Mr.  Pott,  the 
author  of  thefe  experiments,  obferves,  that  a  Mercurius  Vita 
precipitates ;  which  is  nothing  elic,  as  we  obferved  in  its 
place,  but  the  reguline  part  of  the  Butter  of  Antimony  de- 
ierted  by  its  Acid< 
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PROCESS      IV. 

Oils,  or  Oily  Blatters,  that  are  foluble  in  Spirit  of  Wine, 
feparated  from  Vegetables,  and  dijfolved  by  means  of  that 
Menftrnum.  Tintlures ;  Elixirs;  Varnijhes.  Aromatic 
Strong  Waters. 

PUT  into  a  matrafs  the  fubftances  from  which  you  intend 
to  extract  a  TincTmre,  having  firft  pounded  them,  or 
pulverized  them  if  they  are  capable  of  it.  Pour  upon  them 
Spirit  of  Wine  to  the  depth  of  three  fingers  breadth.  Co- 
ver the  matrafs  with  a  piece  of  wet  bladder,  and  tye  it  on 
with  pack-thread.  Make  a  little  hole  in  this  bit  of  bladder 
with  a  pin,  leaving  it  in  the  hole  to  keep  it  flopped.  Set 
the  matrafs  in  a  fand-bath  very  gently  heated.  If  the  Spirit 
of  Wine  diffolve  any  part  of  the  body,  it  will  accordingly 
acquire  a  deeper  or  lighter  colour.  Continue  the  digeflion 
till  you  perceive  that  the  Spirit  of  Wine  gains  no  more  co- 
lour. From  time  to  time  pull  out  the  pin,  to  give  vent  to 
the  vapours,  or  rarefied  air,  which  might  otherwife  burft  the 
matrafs.  Decant  your  Spirit  of  Wine,  and  keep  it  in  a  bot- 
tle well  corked,  Pour  on  fome  frefh  Spirit  in  its  ftead ;  di- 
geft  as  before;  and  go  on  in  this  manner,  pouring  on  and 
off  frefh  Spirit  ofv  Wine,  till  the  lafl  come  off  colourlefs. 

OBSERVATIONS. 

It  is  commonly  faid,  that  Spirit  of  Wine  is  the  folvent  of 
Oils  and  oily  matters :  but  this  proposition  is  too  general; 
for  there  are  feveral  forts  of  Oils  and  oily  matters  which  this 
menflruum  will  not  difiblve.  Of  this  number  are  the  Fat 
Oils,  Bees- Wax,  and  the  other  Oily  compounds  of  that 
kind.  Properly  fpeaking,  it  diflblves  but  two  forts  of  oily 
fubftances  ;  namely,  EiTential  Oils,  and  Balfams  or  Refins, 
which  are  matters  of  the  fame  kind,  differing  from  each  o- 
ther  only  as  they  are  more  or  lefs  thick  ;  and  Oils  that  are  in 
a  faponaceous  ftate. 

In  our  Elements  of  the  Theory  we  have  explained  our  opi- 
nion on  this  head,  from  a  Memoir  on  the  fubjecl:  printed  a- 
mong  thofe  of  the  Academy  for  1745.  To  repeat  it  in  a 
few  words  :  we  take  the  caufe  of  the  folubility  of  Oils  in 
Spirit  of  Wine  to  be  an  Acid,  which  is  but  fuperficially  u- 
mtcd  with  them,  and  fo  as  Hill  to  retain  its  properties. 

The 
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The  principal  proofs  on  which  we  found  this  opinion  are 
drawn  from  that  property  of  Effential  Oils,  Balfams,  and 
Refins,  which  are  naturally  foluble  in  Spirit  of  Wine,  that 
they  become  fo  much  the  lefs  foluble  in  this  menftruum,  the 
oftener  they  are  diftilled  or  rectified  ;  and  from  that  property 
which  Fat  Oils,  or  other  Oily  matters,  naturally  indiffoluble 
in  Spirit  of  Wine,  poffefs,  of  becoming  more  and  more  fo- 
luble therein  the  oftener  they  are  diftilled.  We  (hewed  that 
diftillation  leffens  the  folubility  of  Effential  Oils,  Balfams, 
and  Refins,  only  by  depriving  thcfe  fubff.ances  of  part  of  the 
manifeft  Acid  which  they  contain,  and  which  is  the  caufe 
of  their  folubility,  and  that  Fat  Oils,  and  other  oily  matters, 
naturally  indiffoivable  in  Spirit  of  Wine,  are  by  the  fame  o- 
peration  rendered  capable  of  difTolving  therein,  only  becaufe 
it  difcovers,  and  partly  extricates,  an  Acid,  which  is  natu- 
rally combined  with  them  fo  intimately  that  it  is  entirely  de- 
prived of  action,  and  all  its  properties  perfectly  maiked.  If 
thefe  principles  be  well  attended  to,  and  if  it  be  recollected 
withal,  that  Spirit  of  Wine  unites  with  Water  preferably  to 
Oils;  infomuch  that,  if  it  be  mixed  with  water  when  k 
hath  diffolved  an  Oil,  it  quits  the  Oil  to  unite  with  the  Wa- 
ter ;  that  for  the  fame  reafon  it  is  not  capable,  when  very  a- 
queous,  of  difTolving  any  Oil,  feeing  that,  as  Oil  and  wa- 
ter are  not  fufceptible  of  contracting  any  union,  it  muft  then 
defert  its  phlegm  to  unite  with  the  Oil ;  which  it  cannot  do, 
becaufe  it  hath  a  greater  affinity  with  phlegm  than  with  Oil  y 
and,  laftly,  that  if  Oil  be  combined  with  any  faline  fub- 
ftance,  which  makes  it  foluble  in  water ;  that  is,  if  it  be  in 
a  faponaceous  flare,  it  will  then  remain  diffolved  in  Spirit  of 
Wine,  without  being  precipitated  by  water  ;  or  will  be  dif- 
folved by  a  very  aqueous  Spirit  of  Wine,  and  frequently 
much  better  than  by  a  highly  rectified  Spirit:  if  thefe  things, 
I  lay,  be  confidered,  we  fliall  eafiiy  perceive  what  muft  be 
the  effect  of  digefting  Spirit  of  Wine  with  any  vegetable 
fubftance  whatever. 

Spirit  of  Wine  diffolves  all  the  Effential  Oil,  Balfam,  and 
Reiin  contained  in  any  vegetable ;  and  as  thefe  matters  are 
not  foluble  in  water,  they  may  be  feparated  from  the  Spirit 
in  which  they  are  diffolved,  by  lowering  it  with  much  wa- 
ter. It  inftantly  becomes  white  and  opaque,  like  milk  ;  the 
oily  parts  gradually  unite,  and  form  considerable  maffes,  e- 
fpecially  if  they  be  refmous.  This  is  the  method  commonly 
made  ufe  of  to  extract  the  Refin  of  Scammony,  Jalap,  Gu- 
aiacum,  and  feveral  other  vegetable  fubftances,  which  it 
would  be  difficult  to  procure  by  any  other  means. 

it 
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If  the  matters  digefted  with  Spirit  of  Wine  contain  any 
faponaceous  juices,  the  Spirit  will  take  up  tfiofe  juices  alfo. 
But  as  foaps  are  foluble  in  water,  as  well  as  in  Spirit  of 
Wine,  they  cannot  be  feparated,  by  the  addition  of  water, 
from  the  Spirit  in  which  they  are  diffolved.  Whatever  quan- 
tity of  water  therefore  you  mix  with  a  Spirit  that  is  impreg- 
nated with  fuch  juices,  no  feparation  thereof  will  be  produ- 
ced ;  and  for  the  fame  reafon  the  faponaceous  matters  will 
be  diilblved  by  a  very  aqueous  Spirit  of  Wine. 

Spirit  of  Wine  impregnated  with  fuch  parts  of  any  vege- 
table fubilance.  as  it  is  capable  of  difTolving,  is  commonly 
called  a  Thiclure.  Several  Tinctures  mixed  together,  or  a 
Tincture  drawn  from  fundry  vegetable  fubflances  at  the 
fame  time,  and  in  the  fame  vefTel,  take  the  name  of  an  Eli- 
xir. Tinctures  or  Elixirs  impregnated  with  Refinous  mat- 
ters only  are  true  Varnijlies.  All  thefe  preparations  are 
made  in  the  fame  manner-,  to  wit,  as  directed  in  our  prccefs. 
Wre  fhali  only  add  here,  that  if  the  fubflances  from  which  a 
Tincture  or  Elixir  is  to  be  made  contain  too  much  moifture,  it 
is  proper  to  free  them  from  it  by  a  gentle  deficcation  ;  efpeci- 
ally  if  you  defign  that  the  Tincture  mould  be  well  impreg- 
nated with  the  oily  and  refinous  parts  :  for  their  excefs  of 
moifture  uniting  with  the  Spirit  of  Wine  would  weaken  it, 
and  render  it  unable  to  act  on  thofe  matters,  which  it  cannot 
diffolve  when  it  is  aqueous. 

Vegetable  fubflances  which  have  been  repeatedly  digefled 
with  different  parcels  of  Spirit  of  Wine,  till  the  laft  would 
extract  nothing,  are  deemed  to  be  exhaufted  of  all  their  Ef« 
fential  Oils,  and  faponaceous  juices  :  but  if  they  contain 
moreover  any  Fat  Oil,  Wax,  or  Gum,  thefe  principles  will 
flill  remain  therein  after  the  digeflion,  in  the  fame  quantity 
as  before;  becaufe  Spirit  of  Wine  is  incapable  of  difTolving 
them. 

With  regard  to  the  Fat  Oil  and  Wax,  this  is  not  at  all 
furprifing  :  we  have  explained  in  another  place  why  thefe 
matters  are  indifibluble  by  Ardent  Spirits :  but  as  for  the 
Gum,  it  would  feem,  according  to  the  general  principles  a- 
bovementioned,  that  it  mould  be  foluble  in  that  menftruum, 
even  with  more  eafe  than  Refms;  as  it  confifts  almoft  entire- 
ly of  water,  with  which  Spirit  of  Wine  is  known  to  unite 
more  eafily  than  with  Oils.  Indeed  there  is  alfo  a  little  Oil 
in  its  compoficion  :  but  this  Oil  feems  to  be  in  a  perfectly 
faponacecu*  ftate ;  for  Gum  difiblves  wholly  and  eafily  in 
water,  without  IeAcning  its  tranfparency  in  the  leafl. 

I  own 
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I  own  that  it  is  extremely  difficult  to  give  a  very  f;tisfac- 
tory  account  of  this  matter.  We  may  however  venture  to 
throw  out  fome  conjectures  concerning  it,  deduced  from.' 
what  hath  been  already  fiid,  relating  to  the  caufe  of  the  fa- 
llibility of  Oils  in  Spirit  of  Wine*  We  mewed  that  the 
Oils  which  diffolve  in  this  menilruum  derive  that  property 
from  a  manifest.  Acid,  which  is  united  with  them  but  fuper- 
ficially,  and  in  fuch  a  manner  as  to  retain  all  its  virtue;  but 
that  if  this  fame  Acid  be  too  intimately  united  with  the  Oil, 
fo  as  to  have  no  manifeft  power,  but  be  in  a  manner  deftroy- 
ed,  and  converted  as  it  were  into  a  Neutral  Salt,  it  will  not 
then  produce  this  effect. 

A  fnoderri  author  *  relates  two  experiments  which  agree 
very  well  with  this  opinion,  and  indeed  confirm  it.  He 
mixed  together  Oil  of  Vitriol  and  Oil  of  Turpentine,  with 
a  view  to  imitate  by  art  a  bituminous  matter  •  which,  we 
know,  is  not  at  all,  or  at  lead:  fcarcely,  foluble  in  water. 
Thefe  two  matters  being  united  together  produced  a  red, 
thick  compound,  which  by  evaporation  became  like  a  natural 
Bitumen. 

The  author  obferves,  that  when  this  mixture  is  jufl  made 
it  diffolves  in  Alcohol  ;  but  that  in  fOme  time  it  changes  its 
nature,  and  communicates  fcarce  any  part  of  its  fubftance  to 
that  folvent.  Now  whence  can  fuch  a  difference  arife,  but 
from  this,  that  when  the  mixture  is  new,  the  Acid  is  as  yet 
but  fuperficially  united  with  the  Oil,  and  combines  with  it 
more  and  more  intimately,  as  the  mixture  grows  older. 

The  fame  author,  having  repeated  the  experiment  with 
Spirit  of  Vitriol,  obtained  a  compound  which  continued  al- 
ways Very  foluble  in  Spirit  of  Wine :  becaufe  Spirit  of  Vi- 
triol being  much  weaker  and  more  aqueous  than  Oil  of  Vi- 
triol, was  incapable  of  combining  fo  clofely  with  the  Oil  of 
Turpentine,  as  that  concentrated  Acid  did  in  the  former  ex- 
periment. By  the  by,  there  is  great  reafon  to  believe  that 
the  very  intimate  union  of  a  mineral  Acid  with  an  oily  mat- 
ter is  the  true  caufe  why  Bitumens  will  not  diffolve  in  Spirit 
of  Wine. 

It  feems  therefore  pretty  probable,  that  the  Acid  which 
makes  the  Oil  of  Gummy  matters  foluble  in  water,  and  re- 
duces it  to  a  faponaceous  ftate,  is  fo  intimately  united  with 
that  Oil,  that.it  lofes  its  properties,  and  is  in  a  manner  con- 
verted into  a  Neutral  Salt.     Now  we  know  that  fuch  Salts 


*  Mr.  Eaiows,    in   a  little   Englifh  book,  entitled  The  Modern  Jfothe-? 
Cary. 

3  T  are 
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are  foluble  in  water,   but  are  not  fo,  for  the  mod  part,  in 
Spine  of  Wine. 

If  your  Tinctures  or  Elixirs  be  not  fo  ftrong  or  fo  faturat- 
ed  as  you  defire,  you  may  by  diftillation  abllraCr.  part  of  the 
Spirit  of  Wine  which  they  contain,  and  by  that  means  give 
them  fuch  a  degree  of  thic.knefs  as  you  judge  proper.  But 
the  Spirit  of  Wine  thus  drawn  off  conftantly  carries  along 
with  it  a  good  deal  of,  the  aromatic  principle.  It  is  a  truly 
Aromatic  Strong  Water.  This  Spirit  of  Wine  alfo  carries 
up  with  it  a  portion  of  thin  Oil,  which  is  fo  much  the  more 
coniiderable  as  the  degree  of  heat  employed  is  greater :  and 
this  is  the  reafon  why  it  becomes  of  a  milky  colour  when 
mixed  with  water. 

If  you  intend  to  make  an  Aromatic  Strong  Water  only, 
you  need  not  previously  extract  a  Tincture  from  the  vegetable 
fubftance  with  which  you  mean  to  prepare  your  water :  you 
need  only  put  it  in  a  cucurbit,  pour  Spirit  of  Wine  upon  it, 
and  diftil  with  a  gentle  heat.  By  this  means  you  will  ob- 
tain a  Spirit  of  Wine  impregnated  with  all  the  odour  of  the 
plant. 


CHAP.        III. 

Of  Tartar. 

PROCESS      I. 

Tartar  analyzed  by  diftillation.     The  Spirit,  Oil,  and  Alka-~ 
line  Salt  of  Tartar, 

INTO  a  ftone  retort,  or  a  glafs  one  coated  with  lute,  put 
fome  white  Tartar  broken  into  fmall  bits,  obferving  that 
cue  half,  or  at  leaft  a  full  third,  of  the  veffel  be  left  empty. 
Set  your  retort  in  a  reverberating  furnace.  Fit  on  a  large 
ballon,  having  a  fmall  hole  drilled  in  it;  lute  it  exactly  with 
fat  lute,  and  fecure  the  joint  with  a  linen  cloth  fmeared  with 
jute  made  of  quick-lime  and  the  white  of  an  tgg.  Apply  at 
firft  an  exceeding  gentle  heat,  which  will  raife  a  limpid, 
fourifh,  pungent  water,  having  but  little  fm  el  J,  and  a  bitter- 
ifh  ufte. 

*     -  When- 
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When  this  firft  phlegm  ceafes  to  come  off,  increafe  your 
fire  a  little,  and  make  the  degree  of  heat  nearly  equal  to  that 
of  boiling  water.  A  thin  limpid  Oil  will  rife,  accompanied 
with  white  vapours,  and  with  a  prodigious  quantity  of  air> 
which  will  ifTue  out  with  fuch  impetuofny,  that  if  you  do 
not  open  the  little  hole  in  the  receiver  time  enough  to  give  it 
vent,  it  will  burft  the  veflels  with  explofion.  An  acid  liquor 
will  rife  at  the  fame  time.  Continue  the  diftiilation,  in- 
creafing  the  heat  by  infenfible  degrees,  and  frequently  un- 
flopping  the  little  hole  of  the  receiver,  till  the  elaltic  vapour* 
ceafe  to  iflue,  and  the  oil  to  diftil. 

Then  raife  your  fire  more  boldly.  The  acid  Spirit  will 
continue  to  rife,  and  will  be  accompanied  with  a  black,  fe- 
tid, empyreumatic,  ponderous,  and  very  thick  Oil.  Urge 
the  fire  to  the  utmoft  extremity,  fo  that  the  retort  may  be  of 
a  perfect  red  heat.  This  violent  fire  will  raife  a  little  Vola- 
tile Alkali,  befides  a  portion  of  Oil  as  thick  as  pitch.  When 
the  diftillation  is  finiihed,  you  will  find  in  the  retort  a  black, 
faline,  charred  matter,  which  grows  hot  when  wetted,  at- 
tracts the  moifture  of  the  air,  runs  per  deliquiwn,  and  hath 
all  the  properties  of  a  Fixed  Alkali. 

This  mafs,  being  expofed  to  a  naked  fire  in  the  open  air, 
burns,  confumes,  and  is  reduced  to  a  white  afh,  which  is  a 
fiery,  cauftic,  Fixed  Alkali. 

OBSERVATIONS. 

The  matters  qualified  to  produce  a  fpirituous  liquor  by 
fermentation,  do  not  all  contain  the  juft  and  accurate  pro* 
portion  of  Acid  necefiary  to  conftitute  an  Ardent  Spirit. 
Many  of  them,  the  juices  of  fruits  for  inflance,  and  efpeci- 
ally  that  of  the  Grape,  are  replete  with  a  fuper-abundant 
quantity  of  Acid,  more  than  concurs  to  form  that  product  o£ 
fermentation.  This  fuper-abundant  Acid,  combined  with 
fbme  of  the  Oil  and  earth  contained  in  the  fermented  liquor, 
produces  a  fort  of  Salt,  which  hangs  for  a  while  fufpended 
in  that  liquor,  but  after  fome  time,  when  the  Wine  ftands 
quiet  in  a  cool  place,  feparates  from  it,  and  forms  a  ftone- 
like  incruftation  pn  the  infide  of  the  vat  in  which  the  Wine 
is  kept.     This  matter  is  called  Tartar. 

The  Lees  of  Wine  refemble  Tartar,  in  as  much  as  they 
contain,  and  yield  when  analyzed,  the  fame  principles ;  but 
they  differ  from  it  in  this,  that  they  contain,  moreover,  a 
greater  quantity  of  earth,    of  phlegm,   and  a  little  Ardent 

3  T  2  Spirit, 
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Spirit,  which  are  only  mixed,  but  not  united,   with   the  tar- 
tarcus  Acid. 

The  refidue,  or  fort  of  extract,  which  remains  in  the  cu- 
curbit after  Wine  hath  been  deprived  of  its  Ardent  Spirit  by 
diftillation,  hath  alfo  a  great  conformity  with  Tartar.  It  e- 
yen  contains  that  portion  of  Tartar  which  remained  fufpend- 
ed  in  the  Wine  at  the  time  of  its  diftillation  :  and  accord- 
ingly this  refidue  of  Wine,  being  analyzed,  yields  the  fame 
principles  with  Tartar. 

Hence  we  fee,  that  liquors,  which  have  undergone  the 
fpirituous  fermentation,  connT!  of  an  Ardent  Spirit  and  a 
Tartarous  Acid  fufpended  in  a  certain  quantity  of  Water. 

In  the  analyfis  of  Tartar  there  are  feveral  things  worthy  of 
notice.  The  firft  is,  the  vaft  quantity  of  Air  that  this  mixt 
body  yields  when  it  begins  to  be  decompofed.  The  chief 
difficulty  attending  its  analyfis  arifes  from  this  air ;  which  if- 
fues  out  and  exerts  its  elaftic  force  with  fuch  impetuofity, 
that  all  the  precautious  above-mentioned  are  no  more  than 
neceffary  to  prevent  the  burfling  of  the  vefTeJs. 

The  lingular  nature  of  the  thin  limpid  Oil,  which  rifes 
with  this  air,  after  the  firft  acid  phlegm,  deferves  likewife 
our  particular  attention.  This  Oil  is  one  of  the  mod  pene- 
trating we  know.  Boerhaave,  who  difiilled  Tartar  without 
baving  a  vent-hole,  in  his  receiver,  was  obliged,  in  order  to 
prevent  its  burfting,  to  apply  it  to  his  retort  with  a  lute  fo 
weak  that  meft  of  the  elaftic  vapours  might  perfpire  through 
it;  and  he  obferved,  that,  though  the  neck  of  his  retort  en- 
tered above  five  inches  into  the  mouth  of  his  receiver,  and 
was  luted  on  as  clofely  as  pofiible  with  fuch- a  lute,  yet  this 
light  Oil  of  Tartar  conitantiy  returned  back  again,  as  it  were, 
and  pervaded  the  iubftance  of  the  lute,  fo  that  a  good  deal 
of  it  dropped  in  a  difh  placed  on  the  outride  on  purpofe  to. 
receive  it.  This  Oil  is  probably  rendered  fo  active  and  fub- 
tile,  only  by  having  been  exceedingly  attenuated  by  the  fer- 
menting motion.  This  experiment  is  one  of  thofe  which 
fufficiently  prove  the  neceffiry  of  employing  receivers  having 
a  fmall  vent-hole,  that  may  be  opened  and  fhut  as  occafion 
requires. 

The  laft  remark  we  fhall  make,  on  the  productions  of 
Tartar  by  diftillation,  relates  to  the  caput  mcrtuum  found  in 
the  retort  when  the  operation  is  finifhed.  This  refidue  is 
very  different  from  that  which  other  vegetable  matters  afford : 
for,  when  they  are  decompofed  in  clofe  vefiels,  they  leave 
nothing  but  a  mere  charred  matter,  in  which  no  faline  pro- 
perty appears,  and  from  which  no  Fixed  Alkali  can  be  ob- 
"      •  tained, 
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tained,  but  by  carrying  their  analyfis  to  the  utmoft;  that  is, 
by  burning  them  in  the  open  air.  Tartar,  on  the  contrary, 
only  by  being  diftilled  m  clofe  veiTels,  without  burning  it  af- 
terwards in  the  open  air,  is  changed  into  a  fubftance  which 
hath  all  the  properties  of  a  Fixed  Alkali.  This  is  probably 
owing  to  the  Tartar's  containing  the  principles  requisite  to 
form  a  Fixed  Alkali  in  a  much  greater  quantity  than  they  ar<3 
to  be  found  in  any  other  fubflance.  As  Tartar  thus  alkali- 
2ated  in  clofe  veiTels  fiiii  contains  much  inflammable  matter, 
it  might  be  employed  w-'rh  advantage  as  a  reducing  flux,  in 
feveral  operations  of  metallurgy. 

Of  all  the  vegetable  matters  v/e  know,  calcined  Tartar 
yields  the  greater!  quantity  of  Fixed  Alkali;  which  is  like* 
wife  very  pure,  and  therefore  much  ufed  in  Chymiftry. 

Burnt  Lees  of  Wine  alio  afford  a  great  quantity  of  Fixed 
Alkali,  which  is  of  the  fame  nature  with  that  of  Tartar. 
This  Salt  is  ufed  in  different  trades,  and  particularly  in  Dy- 
i«g.  The  French  Vinegar- makerc  collect,  quantities  of  thefe 
Lees,  which  they  make  up  into  cakes  and  dry :  while  it  is  in 
this  (late  they  call  it  Gravelle  or  Gravelee  ;  and  Cendre  Gra- 
velee when  it  is  burnt. 

If  the  extract  of  Wine,  which  remains  after  the  Spirit  is 
drawn  off,  be  gently  evaporated  to  drynefs,  and  that  dry 
matter  burnt  like  Tartar  or  Gravelie,  it  will  make  a  fort  of 
Cendre  Gravelee  very  rich  in  alkaline  Salt. 


PROCESS     II. 

The  Depuration  of  Tartar.     Cream  and  Cryjlch  of  Tartar, 

REDUCE  to  a  fine  powder  the  Tartar  you  intend  to  pu- 
rify, and  bcil  it  in ;■  twenty-five  or  thirty  times  as  much 
water.  Filter  the  boiling  liquor  through  a  flannel-bag,  and 
then  gently  evaporate  fome  part  of  it:  there  will  foon  form 
on  its  furface  a  faline  cruft,  which  is  the  Cream  of  Tartar. 
Let  your  liquor  cool,  and  chere  will  adhere  to  the  fides  of 
the  veflel  a  great  quantity  of  a  cryftallized  faline  matter, 
which  is  Cryjial  of  Tartar. 

OBSERVATIONS, 

Tartar,  when  taken  out  of  the  vats  in  which  it  forms, 
is  mixed  with  a  confiderabie  quantity  of  earthy  parts,  which 
are  not  intimately  united  therewith,  but  adulterate  it.     This 

extraneous 
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extraneous  earth  makes  about  two  fifths  of  the  whole  weight 
of  common  Tartar-,  but  white  Tartar,  which  is  the  beft, 
contains  but  about  a  third  part  of  earth. 

The  method  of  refining  Tartar,  and  freeing  it  from  this 
adventitious  earth,  is  very  fimple,  as  appears  from  the  pro- 
cefs.  Earthy  matters,  which  are  not  intimately  combined 
with  an  Acid  in  the  form  of  a  Neutral  Salt,  are  not  diffblu- 
ble  in  water:  for  which  reafon  the  water,  in  which  crude 
Tartar  is  boiled,  difTolves  the  faline  part  only,  which  pafles 
with  it  through  the  filter ;  but  doth  not  diflblve  the  earth  of 
the  Tartar,  becaufe  that  earth  is  not  combined  with  the  fa- 
line  part,  ?<nd  fo  being  only  fufpended  in  the  liquor  remains 
on  the  filter. 

The  falinr  parts  of  the  Tartar,  though  they  are  now  fepa- 
rated  from  the  £rofs  earth  with  which  they  were  mixed,  are 
not  yet  perfectly  pure.  Thefe  firft  Cryftals  of  Tartar  have  a 
difagrecable  ruftct  colour,  and  are  not  tranfparent:  this  is 
Hwing  to  their  being  coated  over,  as  it  were,  with  a  fatty 
matter,  which  alfo  is  foreign  to  their  nature,  and  may  be  fe- 
parated  from  them  without  decompofmg  them  in  the  leaft. 

The  cryftals  of  Tartar  are  but  feldom  perfectly  depurated 
in  Chymical  Laboratories  5  becaufe  the  operation  doth  not 
ufually  fucceed  well  on  fmall  quantities:  but  there  are  ma- 
nufactories which  do  it  by  the  great,  and  fupply  the  Chy- 
mifts,  as  well  as  the  feveral  tradefmen,  with  very  fine  and 
very  pure  Cryftals  of  Tartar.  Thefe  manufactories  are  chief- 
ly fet  up  in  the  neighbourhood  of  Montpelier.  Mr.  Fifes, 
a  celebrated  Profeflbr  of  Medicine,  hath  in  the  Memoirs  of 
the  Academy  for  1725  defcribed  the  operation  as  performed 
in  one  of  thefe  works.  He  tells  us,  that  having  feparated  the 
earthy  part  from  the  Cryftals  of  Tartar,  by  boiling  rmd  filter- 
ing, they  diftblve  them  again,  and  boil  them  in  large  cal- 
drons, mixed  with  a  white  faponaceous  earth,  which  cleanf- 
es  and  whitens  them  to  perfection. 

The  faponaceous  earth  is  found  near  the  works;  but  it  is 
not  the  only  one  that  may  he  employed  for  this  purpofe; 
fince,  as  Mr.  Fifes  obferved,  they  have  fuccefiively  made  ufe 
of  feveral  different  earths  in  that  very  work,  and  that  the 
earth  they  now  ufe  hath  not  been  long  employed.  There,  is 
reafon  to  think  that  moft  faponaceous  earths  might  anfwer 
the  purpofe  of  refining  Cryftal  of  Tartar :  but  one  neceftary 
condition  is,  that  they  be  altogether  indifibluble  by  Cryftal  of 
Tartar,  which  being  acid  diilblves  many  forts  of  earth  ;  for, 
if  they  have  not  this  quality,  they  will  form  a  Neutral  Salt 
with  the  faline  part  of  the  Tartar,  the  nature  of  which  they 

will 
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will  entirely  change,  and  convert  it  into  foluble  Tartar,  as- 
will  appear  by  the  experiments  that  follow. 


CHAP.        IV. 

Crystal  of  Tartar  combined  with  fever -&l  Substan- 
ces. 


PROCESS    I. 

§ryjlal  of  Tartar  combined  -with  Abforbent  Earths,     Soluble 
Tartan. 

BO  I  L  an  Abforbent  Earth,  fuch  as  Chalk,  in  a  pan  with 
water  5  and,  when  you  perceive  the  Earth  thoroughly 
divided,  and  equally  diftributed  through  the  water,  throw 
into  a  pan,  from  time  to  time,  fome  pulverized  Cryital  of 
Tartar,  which  will  excite  a  considerable  effervefcence.  Con- 
tinue thofe  projections,  till  you  obferve  no  effervefcence  ex- 
cited thereby.  All  the  Abforbent  Earth,  which  obfcured  the 
tranfparency  of  the  water,  and  gave  it  an  opaque  white  co- 
lour, will  gradually  difappear  as  the  Cryital  of  Tartar  com- 
bines with  it-,  and  when  the  combination  is  perfected,  the 
liquor  will  be  clear  and  limpid.  Then  filter  it,  and  there 
Willie  left  on  the  filter  but  a  very  fmall  quantity  of  earth. 
Evaporate  all  the  filtered  liquor  with  a  gentle  heat  j  and  then 
fet  it  in  a  cool  place  to  moot.  Cryftals  will  form  therein, 
having  the  figure  of  flat  quadrangular  prifms,  with  almollf 
always  one,  fometimes  two,  of  the  angles  of  the  prifm  fhav- 
ed  down,  as  it  were ;  and  then  the  furfaces  at  each  end  are 
oblique,  anfwering  to  thofe  depreficd  angles,.  Thefe  cryflals. 
are  a  Neutral  Salt,  which  readily  diflblves  in  water  j  a  true 
Soluble  Tartar. 

OBSERVATIONS, 

Crystal  of  Tartar  is  a  faline  fubftance  of  a  lingular  na- 
ture. Though  it  cryllallizes  like  a  Neutral  Salt,  yet  it  is  not 
one:  it  hath  only  the  form  of  one;  its  principal  properties 
being  thofe  of  an  Acid.  Neverchelefs  it  is  nop  a  pure  Acid  ; 
for  it  is  united  with  a  certain  quantity  of  Oil  and  of  eajth, 
which  give  it  the  property  ot  crvdailixing,  and  it  is  fcarce 

difTolvabJe 
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diffolvable  in  water.  It  is  a  middle  fubftance  between  an 
Acid  and  a  Neutral  Salt.  It  is  an  Acid  half-neutralized  ; 
on  which  account  it  is  capable  of  acting  like  an  Acid  on  all 
(ubftances  iblable  by  Acids,  and  fo  of  being  converted  into 
a  perfectly  Neutral  Salt  by  combining  with  them  to  the  point 
of  fat  u  rat  ion. 

In  the  experiments  made  to  neutralize  Cryftal  of  Tartar; 
Fixed  Alkaline  Salts  alone  were  formerly  ufed.  Merits.  Du- 
hamel  and  GroiTe  were  the  firft  who  difcovered  that  Abforb- 
ent  Earths  might  be  fubftituted  for  Alkalis,  and  would  pro- 
duce nearly  the  fame  effects'  on  Cryftal  of  Tartar.  The  ex- 
periments made  by  thefe  two  Academicians  in  conjunction 
are  circumftantially  related  in  two  curious  Memoirs  on  this 
fubject,  given  in  by'  them  jointly,  and  printed  with  thofe  of 
the  Academy  for  1732  and  i 733-  From  thefe  Memoirs  we 
took  the  procefs  here  given,  and  {hall  alfo  borrow  from 
thence  mod  of  the  remarks  we  are  now  going  to  make. 

Stone-lime  holds,  as  it  were,  the  middle  place  between 
mere  Abforbeht  Earths  and  Fixed  Alkalis.  Now,  feeing 
Cryftal  of  Tartar  may  be  converted  into  a  Neutral  Salt  by  ei- 
ther Of  thefe  two  fubftances,  it  follows,  that  lime  ought  to  pro- 
duce the  fame  effect  upon  it.  Accordingly  MefTrs.  Duhamel 
and  GroiTe  found  it  to  be  fo  upon  trial :  having  formed,  with 
Lac  calcis  and  Cryftal  of  Tartar,  a  Neutral  Salt  perfectly 
like  that  which  refults  from  the  union  of  that  faline  mat- 
ter with  Chalk.  Cremor  calcis^  or  that  falino-terrene  pellicle 
which  forms  on  lime-water,  produced  the  fame  effect :  but, 
%hat  is  mod  fingular  is,  that  lime-water  itfelf,  though  it  be 
clear  and  limpid,  and  confequently  doth  not  feem  to  contain 
any  earthy  particles,  produced  neverthelefs  a  great  effervef- 
cence  with  Cryftal  of  Tartar,  and  neutralized  it  as  perfectly 
as  Cremor  calcis^  or  water  ever  fo  much  impregnated  with 
Chalk.  This  arifes  from  hence,  that  a  great  quantity  of  the 
falino-terrene  matter,  which  forms  the  Cremor  calcis  is  dif-r 
folved  in  the  lime-water. 

Though  lime-water  neutralizes  Cryftal  of  Tartar  as  per- 
fectly as  Chalk  does,  and  though  the  Cryftals  of  foluble  Tar- 
tar, or  neutralized  Tartar,  thereby  produced,  be  like  thofe 
which  have  Chalk  for  their  bafts,  yet  Meflrs.  Duhamel  and 
GroiTe  obferved  fome  differences,  worthy  of  notice,  between 
the  phenomena  accompanying  the  production  of  thefe  two 
Neutral  Salts,  which  referable  each  other  fo  much  that  they 
feem  but  one  and  the  fame  fpecies  of  Salt.  The  principal 
difference  cohftfts  in  this,  that  the  water  containing  the  Tar- 
tar neutralized  by  Chalk  is  very  limpid,  and  leaves  but  a  very 
1  fmall 
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fmall  quantity  of  earth  on  the  filter-,  whereas  the  lime-water, 
with  which  Tartar  hath  been  neutralized,  leaves  on  the  filter 
a  considerable  quantity  of  earth. 

This  muft  appear  the  more  furprifing,  that  the  water  re- 
plete with  Chalk,  was,  before  its  union  with  the  Cryflal  of 
Tartar,  turbid  and  opaque-,  whereas  the  Lime  water  was  at 
firft  clear  and  limpid.  Meffrs.  Duhamel  and  Grofle  fufpecl: 
this  to  arife  from  hence,  that  the  effervefcence  excited,,  while 
the  Cryflal  of  Tartar  diffolves  the  matter  contained  in  lime- 
water,  is  greater  than  that  which  is  produced  by  its  union 
with  Chalk  fufpended  in  water. 

"  If  we  consider,"  fay  they,  "  that  in  a  great  effervefcence 
"  a  confiderable  quantity  of  the  acid  Spirit  is  evaporated-, 
"  we  (hall  eafily  perceive,  that,  the  more  of  that  Spirit 
"  efcapes,  the  more  of  the  earth  of  the  Tartar  will  be  pre- 
5C  cipitated.  Now,  as  the  effervefcence  with  lime-water  is 
"  more  considerable,  and  as  there  is  lefs  alkaline  earth  to 
"  check,  as  it  were,  and  reftrain  the  Acid,  than  in  the  ex- 
"  periment  with  Chalk,  a  greater  quantity  of  the  acid  Spirit 
"  may  efcape;  which'  being  entirely  loft  will  caufe  more 
"  earth  to  precipitate  in  this  cafe  than  in  the  other,  where 
*c  the  Acid  is  all  at  once  attracted  by  a  great  deal  of  alka- 
"  line  earth :  and  accordingly  this  was  the  reafon  that  our 
*<  Tartar  diffolved  by  Chalk  depoiited,  in  cryftallizing,  a  grey 
"  earth,  which  was  fcarce  perceivable  in  the  experiment 
"  made  with  Lime-water. 

"  Yet  perhaps,  fay  they,  an  Acid,  which  we  fufpedl:  to 
"  be  contained  in  lime,  may  have  partly  oecafioned  the  pre- 
"  cipitation  of  this  earth."  The  exiftence  of  this  Acid, 
which  thefe  gentlemen  at  that  time  only  fufpee~t.ed,  hath  been 
fince  demonftrated  by  feveral  experiments,  and  particularly 
by  thofe  which  Mr.  Malouin  hath  publiihed.  This  Acid  is 
the  Vitriolic,  which,  in  combination  with  fome  of  the  earth 
of  the  lime,  forms  a  fort  of  Selenitic  Salt;  which  adds 
greatly  to  the  probability  of  Meffrs.  Duhamel  and  Groffe's 
lait  conjecture.  I  mall  now  explain  how  I  conceive  the  Vi- 
triolic Acid  in  lime  may  occafion  the  copious  precipitate 
which  falls  in  lime ^ water,  when  Cryflal  of  Tartar  is  neu- 
tralized by  it. 

The  quantity  of  Vitriolic  Acid  contained  in  lime  is  very 
inconfiderable ;  fo  that  to  convert  it  into  a  Neutral  Salt  re- 
quires its  intimate  union  with  a  very  fmali  quantity  of  the 
earthy  and  ablbrbent  parts.  Hence  it  comes  to  pafs,  that, 
when  water  is  poured  upon  quick-lime,  in  order  to  make  the 
Lime-water,  it  in  feme  fort  divides  the  lime  into  two  parts. 

3  U  All 
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All  the  particles  of  Abforbent  Earth,  which  had  not  contract- 
ed an  union  with  the  Acid,  are  at  firft  barely  fufpended  in 
the  liquor,  the  tranfparency  of  which  they  deftroy,  giving  it 
an  opaque  white  colour ;  and  this  is  what  makes  the  Lac  caU 
cis :  but  they  foon  feparate  from  it,  and  fall  to  the  bottom, 
in  the  form  of  a  precipitate  ;  becaufe  they  are  not  foluble  in 
water.  By  this  precipitation  the  liquor  becomes  limpid,  and 
remains  impregnated  only  with  fuch  of  the  earthy  parts  as 
are  united  with  the  Vitriolic  Acid,  in  the  form  of  a  kind  of 
Meutral  Salty  and  have  by  that  union  acquired  folubility. 
But  the  Vitriolic  Acid  finding  many  more  Abforbent  parts 
in  the  lime  than  were  neceflary  to-  neutralize  it,  in  a  manner 
over- dofed  itfelf  with  earthy  parts,  and  thereby  exceeded  the 
bounds  of  a  perfect  Neutrality. 

On  the  other  hand,  it  hath  been  fhewn,  that  Cryftal  of 
Tartar  is  an  imperfect  Neutral  Salt.  Now  thefe  two  Salts* 
which  are  neither  of  them  perfectly  Neutral,  differ  from  a 
perfectly  Neutral  Salt  by  properties  direelly  oppofite  to  each 
other ;  feeing  the  Selenitic  matter  in  Lime  exceeds  in  its 
abforbent  or  alkaline  quality,  and  Cryftal  oi  Tartar  exceeds, 
on  the  contrary,  in  acidity. 

What  mufl  be  the  eonfequenee,  therefore,  of  mixing  tbefe 
two  faline  matters  together?  The  fame  as  when  an  Acid  i* 
mixed  with  a  Fixed  Alkali ;  that  is,  the  Salt  which  exceeds 
in  acidity  will  combine  with  the  fuper-abundant  alkaline 
earth  of  the  Selenitic  Salt;  fo  that  thefe  two  faline  matters- 
will  both  become  perfectly  Neutral  Salts.  Yet  thefe  two 
Neutral  Salts  have  not  the  fame  degree  of  folubility  in  water. 
The  neutralized  Cry  Hal  of  Tartar  diflblves  very  readily  in 
water,  and  is  for  that  reafon  called  Soluble  Tartar :  the  Se- 
lenitic Salt,  on  the  contrary,  is  hardly  diflblvahle  in  it  at  all. 
Now  it  is  a  rule  that,  when  two  Salts  of  this  nature  meet 
together,  the  mofl  foluble  always  remains  united  with  the 
water,  exclufive  of  the  other,  which  is  forced  to  precipitate. 
This  f  imagine  to  be  what  happens  in  the  prefent  cafe;  and 
the  precipitate  which  we  fee  fall,  in  the  lime-water  employ- 
ed to  neutralize  Cryflal  of  Tartar,  feems  to  me  to  be  no  o» 
ther  than  the  Selenitic  Salt  of  the  Lime;  which,  being  lefs 
foiuble  than  the  neutralized  Tartar,  gives  place  to  it,  and 
feparates  from  the  liquor. 

Indeed  we  cannot,  in  my  opinion,  account  for  the  preci- 
pitate under  confederation,  any  other  way,  than  by  fuppofmg 
it  to  be  a  portion  either  of  the  earth  of  the  Cryftal  of  Tarfar, 
or  a  portion  of  the  Lime.  Now,  either  of  thefe  earths  is 
difiblvable  by  Acids;  whereas  the  precipitate  in  queftion,  ac- 
cording 
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cording  to  the  obfervations  of  Meflrs.  Duhamel  and  Grofle* 
Is  not  to  :  and  this  ought  to  be  the  cafe,  if  the  precipitate  be 
nothing  but  the  felenitic  Salt  of  the  Lime,  which  being  a 
Neutralized  Salt,  partly  constituted  by  the  moll:  powerful  of 
all  the  Acids,  mult  be  unalterable  by  any  Acid  whatever. 

MefTrs.  Duhamel  and  GrofTe  made  a  great  many  experi- 
ments on  the  combinations  of  Cryftal  of  Tartar  with  differ- 
ent fores  of  earths.  The  refult  of  the  whole  is,  that  there 
are  fome  earths  which  this  Acid  diflblves,  and  which  con- 
tract fuch  an  union  with  Cryftal  of  Tartar,  that  they  not 
only  change  its  external  character,  that  is,  its  tendency  to 
cryftallize,  and  its  indiflblublenefs  in  cold  water5  but  alfo 
entirely  alter  its  tafte  and  other  qualities.  In  a  word,  thofe 
earths  produce  on  this  Salt  all  the  effects  of  alkaline  Salts. 
Thefe  earths  are  fuch  as  are  called  Abforbent  Earths  ;  ftone- 
lime,  animal-lime,  cretaceous  earths,  a  portion  of  calcined 
gypfum,  and  of  potafh  ;  in  fhort,  all  fuch  as  diftilled  vine- 
gar is  capable  of  diflblving :  this  is  the  mark  by  which  thofe 
earths,  which  are  qualified  to  neutralize  Cryftal  of  Tartar, 
and  to  render  it  foluble,  may  be  diftinguiihed^ 

MefTrs.  Duhamel  and  Grofle  found  alfo  upon  trial,  that 
there  are^other  earths,  on  the  contrary,  which  are,  in  a  man- 
ner, inacceffible  to  the  Acid  of  Cryftal  of  Tartar ;  that  they 
take  up,  indeed,  the  grofteft  and  redundant  Oil  of  the  Tar- 
tar, but  without  affecting  its  faline  part  at  all :  and  if  thefe 
earths  are  ever  obferved  to  form  any. union  with  the  Cryftals 
of  Tartar,  as  happens  in  the  refineries  near  Montpelier,  that 
union  is  only  fuperficial,  not  intimate  5  and  therefore  it  al- 
ters none  of  the  characters  of  the  Salt.  Among  thefe  earths 
are  the  clayey,  bolar,  fandy  earths,  and  others  of  that  kind. 
Hence  Meflrs.  Duhamel  and  GrofTe  conclude,  that  thefe  are 
the  earths  which  ought  to  be  employed  in  the  purification 
and  whitening  of  Cryftal  of  Tartar.  Vinegar  is  here  alfo 
the  teft  by  which  it  may  be  known  whether  an  earth  intend- 
ed for  this  purpofe  be  fit  for  it :  for  you  may  be  fure  that  it 
will  form  no  union  with  Cryftal  of  Tartara  if  the  Acid  of 
Vinegar  be  incapable  of  diflblving  it. 
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PROCESS      II. 

Cry/la!  of  Tartar  combined  with  Fixed  Alkalis.  The  Vege- 
table Salt.  Saignette's  Salt.  The  Decompofition  of  Solu- 
ble Tartars. 

IN  eight  parts  of  water  difiblve  oce  part  of  a  very  pure  al- 
kaline Salt,  perfectly  freed  from  the  phlogifton  by  calci- 
nation. Heat  this  lixivium  in  a  (tone  pan  fet  on  a  fand-bath, 
and  from  time  to  time  throw  into  it  a  little  powdered  Cream 
or  Cryftal  of  Tartar.  Each  projection  will  excite  a  great 
erTervefcence,  attended  with  many  bubbles,  which  will  rife 
to  a  considerable  height  one  over  the  other.  Stir  the  liquor 
when  the  effervefcence  ceafes,  and  you  will  fee  it  begin 
again. 

When  no  effervefcence  appears  upon  ftirring  the  liquor, 
add  a  litiie  more  Cream  of  Tartar,  and  the. fame  phenomena 
will  be  renewed.  Go  on  thus  till  you  have  obtained  the 
point  of  perfect  faturation. 

Then  filter  your  liquor.  If  the  Alkali  you  made  ufe  of 
was  the  Salt  of  Soda,  evaporate  your  liquor  quickly  to  a  pel- 
licle, and  there  will  fhoot  in  it  cryftals  of  nine  fides,  refem- 
bling  a  coffin  ;  the  bottom  part  thereof  being  concave,  and 
ftreaked  with  a  great  many  parallel  lines ;  and  this  is  Saig- 
nette's Salt.  If  you  have  employed  any  other  Alkali  but 
Soda,  or  the  bafis  of  Sea-falt,  evaporate  your  liquor  flowly 
to  the  confidence  of  a  fyrup  :  let  it  (land  quiet,  and  there 
will  form  in  it  cryftals  having  the  figure  of  flatted  parallel- 
lopipeds;  and  this  is  the  Vegetable  Salt,  or  Tartarized 
Tartar. 

OBSERVATIONS. 

Seeing  pure  *%bforbent  Earths  are  capable  of  neutraliz- 
ing Cryftal  or  Tartar,  and  converting  it  into  Soluble  Tartar, 
there  is  (till  more  reafon  to  expecl:  that  Fixed  Alkalis  fhould 
poiTeis  the  fame  property,  as  they  have  a  much  greater  affini- 
ty with  Acids  :  and  accordingly  Cryftal  of  Tartar  always 
forms,  with  every  fpecies  of  thefe  falts,  a  Neutral  Salt  which 
is  a  Soluble  Tartar. 

A  Soluble  Tartar,  formed  by  the  union  of  Cryftal  of  Tar- 
tar with  Tartar  converted  into  an  Alkali  by  fire,  hath  been 
long  uied   in  medicine  as  a  gemle  faponaceous  purgative, 

known 
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known  by  the  names  of  Tartarized  Tartar,  or  the  Vegeta- 
ble Salt.  But  the  Soluble  Tartar,  prepared  by  combining 
Crvftal  of  Tartar  with  the  Alkali  of  Soda,  which,  as  we  re- 
marked before,  is  analogous  to  the  bafis  of  Sea- fait,  and  dif- 
ferent from  all  other  Alkalis,  was  not  well  known  to  Chy- 
mifts  till  the  year  1731,  when  M.  Boulduc  published  the 
preparation  in  a  Memoir  printed  in  the  Academy's  collec- 
tion for  that  year  *. 

Not  but  that  it  was  very  much  ufed  before  that  time :  for 
it  had  been  for  feveral  years  in  high  reputation,  and  prescrib- 
ed inllead  of  Tartarized  Tartar,  which  became  almoft  quite 
neglected.  But  M.  Saignette,  a  phyfician  of  P^ochelle,  who 
was  the  firft  inventor  and  vender  of  this  Salt,  did  not  pub- 
lifh  the  preparation  of  it,  which  he  kept  as  a  fecret :  and 
this  probably  contributed  not  a  little  to  the  great  efleem 
which  this  medicine  had  acquired ;  for  men  are  naturally  in- 
clined to  put  a  much  greater  value  on  fecrets,  than  on  what 
is  univerfally  known.  He  gave  it  the  name  of  Sal  Poly- 
chreftum ;  and  the  public  called  it  alio  Saignette' 's  Salt,  and 
Rochelle  Salt.  Since  the  difcoveries  of  M.  GeofFroy  and  M. 
Boulduc  were  publimed,  the  method  of  preparing  this  Salt 
hath  been  no  fecret ;  it  was  defcribed  in  Difpenfatories,  and 
every  apothecary  hath  made  it  ever  fince. 

Saignette's  Salt,  as  well  as  every  other  Soluble  Tartar, 
melts  when  laid  on  live  coals,  boils  up,  emits  fmoke,  and 
leaves  a  black  charred  matter  behind.  This  refemblance  of 
Saignette's  Salt  to  Tartarized  Tartar,  joined  to  the  fmeil  of 
the  vapour  which  exhaled  in  burning  it,  and  is  the  fame  with 
that  of  Tartar,  were  the  rlrft  notices  that  led  M.  Boulduc  to 
fuppofe  this  Salt  to  be  a  foluble  Tartar.  On  examining  the 
alkaline  coal  produced  by  the  calcination,  and  comparing  it 
with  that  left  by  Tartarized  Tartar,  he  perceived  there  was 
fome  difference  between  them.-  At  lafl  his  friend,  M.  GroiTe, 
having  advifed  him,  as  he  tells  us  in  his  Memoir,  to  com- 
bine Cryftai  of  Tartar  with  the  Salt  of  Soda,  and  to  examine 
the  new  Salt  that  would  refult  from  their  union,  M.  Boulduc 
immediately  fufpe&ed  that  it  mult  produce  a  fpecies  cf  Solu- 
ble Tartar,  which  might  poffibly  prove  to  be  the  Salt  in  que- 
ftion.  Nor  was  he  miftaken  in  his  conjecture  :  for  with  thete 
two  faline  fubftances  he  actually  compoied  a  Salt  perfectly 
like  Saignette's. 

*  It  could  not  be  any  longer  concealed  ;  for  M.  Gfe&ffrby  having  made 
lome  experiments  on  the  farhe  filled,  without  knovvinj  any  thing  of  vrhal 
M.  Boulduc  h-rd  done,  iikewife  dUcovacdit.  See  the  Biflory  ©>f  the  Aca- 
«^my  for  1731,  p.  35. 

Under 
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Under  the  head  of  Borax  we  remarked  that  it  contains  an 
Alkali  like  the  bafis  of  Sea-felt.  This  Alkali  is  not  perfect- 
ly neutralized  by  the  fedative  Salt,  which  is  alfo  contained  in 
Borax  :  for  its  alkaline  properties  are  fo  perceptible  as  to  have 
led  fome  Chymifts  to  think  that  Borax  was  only  an  Alkali  of 
a  particular  kind.  This  induced  M.  le  Fevre,  a  Phyfician  at 
Uzes,  and  one  of  the  Academy  s  correfpondents,  to  com- 
bine Cryftal  of  Tartar  wirh  Borax,  and  to  examine  the  re- 
fult.  He  communicated  to  the  Academy  his  experiments 
on  this  fubje£i ;  bv  which  he  found  that  the  combination  of 
thefe  two  faline  matters  forms  a  Soluble  Tartar,  but  greatly 
different  from  Saignette's  Salt;  especially  in  that  it  doth  not 
cryflallize,  but  remains  in  the  form  of  a  gummy  matter, 
and  retains  all  the  acidity  natural  to  pure  Cream  or  Cryftal 
of  Tartar  :  a  circumftance  which  is  very  remarkable. 

Mr.  Lemery  had  the  curiofity  to  repeat  M  le  Fevre's  expe- 
riment, and  found  that  this  fingular  Soluble  Tartar  had  the 
properties  afcribed  to  it  by  the  inventor.  The  procefs  he  re- 
commends for  making  the  experiment  with  fuccefs  is  as  fol- 
lows : 

"  Take  four  ounces  of  Cryftal  of  Tartar  finely  pulverized, 
«  and  two  ounces  of  Borax  carefully  powdered,  and  put 
«  thefe  two  Salts  into  a  flint-glafs  body.  Pour  on  them  two 
•*  ounces  of  water,  and  fet  the  cucurbit  into  a  fand-bath. 
"  "Warm  it  with  a  gentle  fire,  and  then  increafe  the  heat  (o 
M  as  to  make  the  liquor  boil  for  a  quarter  of  an  hour;  which 
*<  will  produce  a  perfect  diffblution  of  the  Cream  of  Tartar 
«J  and  Borax.  After  the  diftblution  of  thefe  two  Sjlts  unit- 
•*  ed  together,  the  liquor  will  remain  clear  and  limpid, 
*(  though  the  boiling  hath  diflipatcd  a  good  deal  of  it.  If 
«'  the  liquor  be  ftill  further  evaporated,  the  remainder  will 
64  have  the  confidence  of  Honey,  or  Turpentine :  and,  if 
*<  the  evaporation  be  carried  ftill  farther,  with  a  gentle  heat, 
**  the  matter  remaining  will  in  colour  refemble  the  gum  of 
«  a  plumb-tree,  and  yield  to  preffure  as  that  does ;  and,  if 
*<  it  be  expofed  to  the  air  in  a  damp  place,  it  will  grow  moift 
"  and  run,  almoft  like  Salt  of  Tartar  :'J  a  new  and  fingular 
property,  which  belongs  neither  to  Borax  nor  to  Cryftal  of 
Tartar,  when  they  are  not  combined  together. 

All  Soluble  Tartars  are  eafily  decompounded,  by  means 
of  a  certain  degree  of  heat.  They  yield  in  the  diftillation 
the  fame  principles  as  Tartar;  and  the  Alkali  that  remains, 
when  they  are  perfectly  calcined,  confifts  of  that  which  the 
Tartar  naturally  affords,  and  of  the  alkaline  matter  with 
which  it  was  converted  into  a  Neutral  Salt. 

Thefe. 
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Thefe  Neutral  Salts,  refulting  from  the  union  of  Cryftal 
6f  Tartar  with  any  alkaline  matter,  are  alfo  decompounded 
by  all  the  Acids,  even  by  vinegar,  which  neverthelefs  is  ari 
Oily  Vegetable  Acid,  and  confequently  of  the  fame  kind 
with  Cryftal  of  Tartar.  The  reafon  of  this  is  that  the  Acid 
of  Vinegar,  though  blunted  by  much  phlegm  and  oil,  muit 
be  confidered  as  a  free  and  pure  Acid,  when  compared  with 
Cryftal  of  Tartar ;  which  is  (till  more  embarraffed  with  hete- 
rogeneous matters,  fo  as  to  be  a  femi-neutrai  Salt. 

When  Soluble  Tartar  is  decompounded  by  an  Acid,  the 
Cryftal  of  Tartar,  whieh  helped  to  conftitute  the  Neutral 
Salt,  is  then  wholly  recovered.  This  faline  matter,  being 
feparated  from  that  which  rendered  it  fojuble  in  water,  ceafes 
now  to  be  fo,  and  for  that  reafon  precipitates  to  the  bottom 
of  the  liquor. 

The  Neutral  Salts,  refulting  from  the  decomposition  of 
Soluble  Tartar  by  an  Acid,  differ  according  to  the  Acid 
made  ufe  of.  From  Saignette's  Salt  decompounded  by  the 
Vitriolic  Acid  M.  Boulduc  obtained  a  true  Glauber  s  Sa.lt9 
and  a  precipitate  of  Cryftal  of  Tartar:  and  this  he  juftly  ad- 
duces as  a  demonftrative  proof,  that  Saignette's  Salt  is  no 
other  than  Cryftal  of  Tartar  neutralized  by  a  Fixed  Alkali 
analogous  to  the  bafts  of  Sea-falt. 

Though  all  Soluble  Tartars  may  be  decompounded  by  A- 
cids,  as  hath  juft  been  faid,  yet  they  do  not  all  forfake  their 
bafes  with  equal  facility.  Meffrs.  Duhamel  and  GrofTe  found 
that,  in  this  refpett,  they  obferve  the  following  order,  be-* 
ginning  with  thofe  which  afford  the  readieft  and  molt  copi- 
ous precipitate  :  viz.  Soluble  Tartar  made  1.  with  Potalh  3 
2.  with  Chalk;  3.  with  uncalcined  Oyfter-fhells;  4.  with 
Stone-Lime;  5.  with  calcined  Oyfter-fhells;  6.  with  Salt  of 
Tartar;  7.  with  Salt  of  Soda;  8.  and  laftly,  Tartar  made 
foluble  with  Borax  is  not  precipitated  by  diftilled  vinegnr. 

It  is  not  eafy  to  account  for  this  difference  between  Soluble 
Tartars.  If  the  Salt  of  Soda  were  more  alkaline  than 
Salt  of  Tartar,  and  Borax  more  alkaline  than  the  Salt  of  So- 
da, it  might  be  conjectured  that  the  more  alkaline  the  mat- 
ters are  with  which  Cryftal  of  Tartar  is  neutralized,  the  cloier 
is  the  union  it  contracts  with  them ;  fince  it  is  plain,  from 
what  hath  been  faid  on  this  fubje£t,  that  though  Soluble 
Tartars,  which  have  for  their  bafts  Abforbent  Earths  only, 
not  converted  into  Lime,  are  more  eafily  decompounded 
than  thofe  which  are  rendered  foluble  by  Limes;  and  thefe 
again  more  eafily  than  thofe  which  have  a  Fixed  Alkali  for 
their  bafis.     But,  on  the  contrary,  the  Salt  of  Soda  is  lets 

alkaline 
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alkaline  than  Salt  of  Tartar,   and  Borax  ftill  lefs  than  the 
Salt  of  Soda. 


PROCESS      III. 

Cryftal  of  Tartar  combined  ivith  Iron.  Chalybeated  Tartar. 
Tintliwe  of  Steel  ivith  Tartar.  Soluble  Chalybeated  Tar- 
tar. 

MIX  four  ounces  of  Iron,  in  filings,  with  one  pound  of 
white  Tartar,  finely  pulverized.  Boil  the  mixture  in 
about  twelve  times  as  much  water  as  you  took  of  Tartar. 
When  the  faline  part  of  the  Tartar  is  diflblveci,  filter  the  li- 
quor boiling-hot  through  a  flannel  bag,  and  then  fet  it  in  a 
cool  place.  In  a  very  little  time  cryftals  of  a  rufTet  colour 
will  (hoot  therein.  Decant  the  liquor  from  thefe  cryflals ; 
evaporate  it  to  a  pellicle,  and  fet  it  again  to  cryftallize,  Go 
on  in  this  manner  till  it  will  (hoot  no  more.  Collect  all  the 
Salt  you  have  thus  obtained,  and  keep  it  under  the  name  of 
Chalybeated  Tartar. 

To  make  the  Tincture  of  Steel  with  Tartar,  mix  together 
fix  ounces  of  clean  Iron  filings,  and  one  pound  of  white 
Tartar  in  powder.  Put  this  mixture  into  a  large  iron  kettle, 
and   pour   thereon   as  much  rain-water  as  will  moiften  it. 

Make  a  pafte  of  this  matter,  and  leave  it  thus  in  a  mafs 
for  twenty-four  hours.  Then  pour  on  it  twelve  pounds  of 
rain-water,  and  boil  the  whole  for  twelve  hours  at  lead,  flir- 
ring  the  mixture  frequently,  and  adding  from  time  to  time 
fome  hot  water,  to  fupply  the  place  of  what  evaporates. 
When  you  have  thus  boiled  the  liquor,  let  it  fland  quiet  for 
fome  time,  and  then  pour  it  off  from  the  fedimentat  bottom. 
Filter,  and  evaporate  to  the  confidence  of  a  fyrup;  and  you 
have  the  Tintlure  of  Mars  ivith  Tartar.  The  Difpenfato- 
ries  generally  order  an  ounce  of  rectified  Spirit  of  Wine  to 
be  poured  on  this  Tincture,  in  order  to  preferve  it,  and  to 
keep  it  from  growing  mouldy,  as  it  is  very  apt  to  do. 

Soluble  Chalybeated  Tartar  is  prepared  by  mixing  four 
ounces  of  Tartarized  Tartar,  with  one  pound  of  the  Tincture 
of  Mars  with  Tartar,  and  evaporating  them  together  in  an 
iron  veflel  to  dryneis  ;  after  which  it  is  kept  in  a  well  flopped 
phial,  to  prevent  its  growing  moift  in  the  air. 

1 
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The  three  preparations  of  this  proccfs  are  medicines  very- 
well  known  and  much  ufed.  There  is  even  reafon  to  think 
that  thofe,  who  firft  thought  of  combining  Tartar  in  this' 
manrter  with  Iron,  had  it  in  their  view  to  prepare  composi- 
tions ufeful  in  medicine,  rather  than  merely  to  produce  new- 
combinations  for  the  improvement  of  Chymiftry.  Indeed, 
were  we  to  confider  only  the  account  here  given  of  the  man- 
ner in  which  thefe  three  compofitions  are  made,  we  (hould 
be  inclined  to  think  Cryftal  of  Tartar  incapable  of  difTolv- 
ing  Iron  fo  thoroughly  and  radically,  that,  from  the  union 
of  thefe  two  fubftartces,  a  Neutral  Metallic  Salt  mould  arife, 
a  Tartar  neutralized  and  made  foluble  by  Iron.  For  it  is 
very  certain  that  the  firft  of  thefe  preparations,  which  is  cal- 
led Chalybeated  Tartar,  is  nothing  but  the  faline  part  of 
Tartar  diflblved  by  boiling  water,'  and  then'  precipitated  and 
cryftailized  along  with  particles  of  iron,  that  are  reduced,  at 
moll,  into  a  ruft,  or  a  crocus  only,  but  have  contracted  no 
union  with  the  cryftal  of  Tartar,  which  remains  as  Acid  and 
as  indifToluble  after  this  preparation  as  before.  Accordingly 
it  is  called  only  Chalybeated  Tartar,  and  not  Soluble  Chaly- 
heated  Tartar :  and,  as  this  latter  name  hath  been  given  on- 
ly to  the  Tartarized  Tincture  of  Mars  compounded  with 
Tartarized  Tartar;  that  is,  with  Tartar  rendered  foluble  by 
a  Fixed  Alkali,  and  not  by  Iron ;  there  is  reaforr  to  prefume, 
that  the  Tincture  of  Mars  alone  was  not  thought  worthy  of 
being  Called  a  Soluble  Chalybeated  Tartar;  but  that  the 
name,  importing  Tartar  rendered  foluble  by  Mars,  belongs 
to  that  Tincture  only  when  compounded  with  a  true  Soluble 
Tartar. 

It  is  neverthelefs  very  certain,  that  the  Tincture  of  Mars 
made  with  Tartar  contains  a  true  Soluble  Chalybeated  Tar- 
tar; that  is,  a  Neutral  Salt  confiding  of  Cryftal  of  Tartar 
united  with  Iron,  and  rendered  foluble  by  that  union.  The 
long  boiling,  neceffary  to  prepare  this  Tincture,  gives  the 
Acid  of  Tartar  time  to  diiToive  the  Iron  radically,  and  to  u- 
nite  very  clofely  therewith  :  but  this  is  not  the  Cafe  in  the 
preparation  of  Chalybeated  Tartar;  to  make  which  the  Tar- 
tar is  boiled  in  water  only  as  long  as  is  neceflary  for  the  dif- 
folution  of  its  faline  parts;  that  is,  about  a  quarter  or  half 
an  hour ;  in  which  fpace  the  Acid  of  the  tartar  can  fcarce 
begin  to  act  on  the  furface  of  the  Iron  :  for  Acids  have  not 
fo  quick  an  effect  on  metals,  as  on  Alkalis  and  Abforbent 
Earths.     Metallic  fubftances,  being  vaftly  more  compact,  are 
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not  near  fo  foon  difiblved  by  Acids,  and  efpecially  by  vege- 
table Acids,  weakened  with  heterogeneous  matters,  as  the 
Acid  of  Tartar  is. 

I  thought  the  difiblution  of  Iron  by  Tartar  a  point  of  fuf- 
ficient  importance  to  deferve  a  little  more  attention  than  hath 
commonly  been  given  to  it;  and  for  that  reafon  refolved  to 
examine,  and  trace  with  care,  the  phenomena  obfervable  in 
this  operation. 

As  the  crude  Tartar,  employed  in  making  the  Tartarized 
Tincture  of  Mars,  is  replete  with  many  oily  and  earthy  parts, 
which  cannot  but  obflrucl:  the  difiblution  of  the  Iron,  and 
prevent  our  feeing  clearly  how  that  difiblution  is  carried  on, 
I  thought  it  better  to  make  ufe  of  Cream,  or  Cryftals,  of 
Tartar,  which,  being  pure  and  freed  from  all  thofe  hetero- 
geneous parts,  diflblve  in  boiling  water  without  prejudicing 
its  transparency. 

I  therefore  pulverized  Cream  of  Tartar,  and  diflblved  as 
much  thereof  in  boiling  water  as  it  would  take  up.  This 
folution  I  poured  boiling  hot  into  a  matrafs,  at  the  bottom  of 
which  I  laid  fome  fine  iron  wire  cut  into  fmall  pieces.  I  fet 
the  matrafs  in  a  fan d -bath ;  and  having  heated  it  fo  as  to 
make  the  liquor  boil,  I  obferved  that,  the  inftant  before  it 
boiled,  the  liquor  began  to  a£l  very  perceptibly  upon  the 
Iron,  in  the  fame  manner  as  other  Acids  acl:  upon  metallic 
fubftances;  that  is,  there  appeared  en  the  furfaces  of  the  lit- 
tle bits  of  Iron  fmall  bubbles,  which  immediately  rofe  to  the 
furface  of  the  liquor,,  and  fucceeded  each  other  fo  fait,  that 
they  formed  lines,  or  jets,  feemingly  continued  from  the  fur- 
face  of  the  Iron  to  the  furface  of  the  liquor,  which,  little  by 
little*  acquired  a  faint  tinge  of  yellow. 

When  the  liquor  was  heated  fo  as  to  boil,  the  difiblution 
ilill  went  on,  but  much  more  briikly,  and  the  liquor  acquir- 
ed a  deeper  colour.  After  boiling  about  an  hour,  the  liquor, 
which  at  firft  was  very  clear,  became  turbid,  and  of  an  o- 
paque  white  ;  which  made  me  think,  that  fome  of  the  Cream 
of  Tartar,  diiTolved  therein,  began  to  precipitate. 

I  let  the  whole  boil  fome  time  longer,  and  the  white  pre~ 
eipitate  becoming  more  confiderable,  I  refolved  to  filter  the 
liquor,  which  palled  through  clear,  and  tinged  with  a  green- 
iili  yellow.  There  remained  on  the  filter  a  whitifh  fediment, 
which  I  found  to  be  true  Cream  of  Tartar.  The  filtered  li- 
quor tailed  much  like  a  folution  of  Copperas.  I  evaporated 
it  in  a  giafs  bafon,  fet  in  a  fand-heat,  but  no  pellicle  appear- 
ed; which  made  me  conclude  that  it  would  produce  no  cry- 
ftals :  accordingly*  having  taken  fome  of  it  out  of  the  bafon, 

when 
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when  it  was  considerably  reduced  by  evaporation,  and  fet  it 
in  a  cool  place,  no  cryftal  (hot  in  it. 

The  reft  of  the  liquor  I  evaporated  to  drynefs:  it  left  a 
blackifh  brown  refiduum,  which  had  the  fame  tafte  with  the 
liquor  before  evaporation,  but  much  ftroni>er.  This  refidu- 
um melts  very  readily  in  the  mouth,  without  leaving  on  the 
tongue  the  leaft  gritty  particle.  Being  expefed  very  dry  to 
the  air,  it  grows  mcift,  and  runs  into  a  liquor  in  a  very 
little  time.  It  diflblves  eafily  and  readily  in  a  very  (mail 
quantity  of  cold  water.  This  folution  being  mixed  with  Fix- 
ed Alkalis,  in  various  proportions,  doth  not  grow  turbid, 
nor  drops  any  precipitate ;  but  with  a  deceiHon  of  galls  it 
inakes  ink.  Acids  give  it  a  much  clearer  colour,  and  at  flrft 
produce  no  precipitation;  but,  in  a  quarter  of  an  hour,  there 
appears  a  precipitate  much  of  the  fame  colour  with  the  folu- 
tion. This  precipitate  is  no  other  than  Cream  of  Tartar, 
tinged  of  a  ruffet  colour  by  the  liquor,  which  grows  turbid, 
and  a  little  whitim,  when  the  precipitate  begins  to  form. 

Thefe  experiments,  and  the  circumftances  attending  their:, 
"will  not  allow  us  to  doubt  the  truth  of  what  I  advanced  con- 
cerning the  Tincture  of  Mars  made  with  Tartar,  viz.  that 
it  is  nothing  but  Cryftal  of  Tartar  by  which  Iron  is  difiblved, 
rmd  which  is  rendered  foluble  by  that  metal.  We  fee  at  the 
very  firft  that  Cryftal  of  Tartar  a6ls  upon  Iron,  juft  as  other 
Acids  do.  Indeed  this  metallic  folution  is  not.  precipitated 
by  Alkalis :  but  we  know  that  Alkalis  pofTefs  the  property  of 
diflblving  Iron,  efpecially  when  the  metal  is  previoufiy  divid- 
ed by  an  Acid ;  fo  that  there  is  reafon  to  think  this  may  be 
the  cafe,  when  an  Alkali  is  mixed  with  our  Soluble  Chaly- 
beated  Tartar. 

As  this  Soluble  Tartar  is  a  faponaceous  and  oily  Salt,  it  is 
alfo  poffible  that  it  may  be  difiblved  entirely  by  the  Alkali, 
without  fuffering  any  decompofition  5  efpecially  as  Alkalis 
decompound  Neutral  Metallic  Salts,  by  means  only  of  the 
ftronger  affinity  which  they  have  with  the  Acids,  than  with 
the  Metals,  of  which  thofe  Salts  are  compounded.  Nov/, 
as  our  Soluble  Chalybeated  Tartar  is  compounded  of  that 
Metal  which  the  Alkali  diflblves  with  the  greateft  eafe,  and 
of  that  Acid  with  which  it  hath  the  leaft  affinity  of  any,  it 
is  very  poffible  that  it  may  not  have  a  greater  affinity  with 
the  Acid  than  with  the  metallic  bafis  of  this  Salt,  and  fo  Le 
uncapable  of  decompounding  it.  However,  as  this  Soluble 
Chalybeated  Tartar  makes  a  black  liquor  with  a  decoction  of 
Gallsj  and  as  nothing  but  Iron  difiblved  by  an  Acid  hath 
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that  property,  it  may  be  fafely  concluded,  that  this  Salt  real- 
ly confifts  of  Iron  diflblved  by  the  Acid  of  Tartar. 

The  precipitate  which  a  folution  of  this  Salt  lets  fall,  on 
the  addition  of  an  Acid,  is  another  proof  that  it  confifts  of 
thefe  two  principles  :  for  this  precipitate  can  be  no  ether  than 
the  Tartarous  Acid,  which,  being  the  weakeft  of  all  Acids, 
is  feparated  from  the  Iron  by  the  Acid  added  to  the  folution ; 
which  Acid  unites  with  the  Martial  bafis,  and  forms  another 
Neutral  Metallic  *SaIt,  according  to  the  Acid  employed. 
Laftly,  the  great  folubility  of  the  deficcated  refiduum  of  the 
Tincture  of  Mars,  made  with  Tartar,  is  a  very  flrong  and 
c'ecilive  proof,  that  this  refiduum  is  no  other  than  Iron  dif- 
folved  by  the  Acid  of  Tartar  :  for  what  elfe  can  it  be  ?  No- 
thing but  Iron  and  Cryftal  of  Tartar  is  made  ufe  of  in  the 
operation ;  and  neither  of  thefe  two  fubftances  fingly  is  fo 
foluble  as  this  new  body. 

We  know,  moreover,  that  Cryftal  of  Tartar,  which  itfelf 
is  indiflbluble,  forms  a  Soluble  Tartar  when  combined  with 
pure  Abforbent  Earths,  though  thefe  matters  be  (till  more 
indiflbluble  than  it,  or  rather,  are  not  foluble  at  all.  Hence 
it  is  very  natural  to  conclude,  that  our  refiduum  is  a  Tartar 
rendered  foluble  by  Iron.  This  ChaJybeated  Tartar  is  even 
mere  foluble  than  any  other  fort  of  Soluble  Tartar ;  for  it 
very  readily  grows  moift  in  the  air,  and  runs  wholly  into  a 
liquid  j  en  which  account  it  is  not  fufceptible  of  cryftalliza- 
tion. 

I  return  to  one  of  the  clrcurnftances  attending  my  experi- 
ment, which  it  is  proper  I  fhould  account  for ;  though  I  have 
hitherto  only  mentioned  it,  without  more  particular  notice, 
that  I  might  not  break  the  connection  between  facls,  and  the 
confequences  refusing  from  them.  The  eircumftance  I  mean 
h  the  precipitation  of  the  Cream  of  Tartar  diflblved  in  the 
liquor,  which,  I  faid,  happens  when  the  faline  folution  hath 
boiled  upon  the  Iron  about  an  hour.  This  precipitation  of 
the  Cream  of  Ta"tar  may  be  partly  occafioned  by  the  evapo- 
ration of  the  water  in  which  it  is  diflblved  :  for  the  water 
having  taken  up,  as  was  faid,  as  much  Cream  of  Tartar  as 
it  was  capable  oi  diflblving,  when  the  quantity  of  water  comes 
to  be  leflcned,  a  proportional  quantity  of  Cream  of  Tartar 
mud  precipitate. 

But  fori  e  other  caufe  muft  alfo  contribute  to  produce  this 
precipitation  :  for,  as  I  boiled  my  liquor  in  a  matrafs,  the 
evaporation ,of  the  liquor  could  not  be  considerable,  and  yet 
the  precipitate  was  very  copious.  Moreover,  I  replenifned 
the  matrafs  with  much  more  water  than  was  necefiary  to  re- 
place 
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place  what  had  evaporated  ;  yet  I  could  not  re- diflblve  the  pre- 
cipitated Cream  of  Tartar,  nor  even  fenfibly  lefTen  its  quan- 
tity. 

The  true  caufe  of  this  effect  I  take  to  be  as  follows.  When 
the  folution  of  Cream  of  Tartar  hath  boiled  for  fome  time 
upon  the  Iron,  and  difToIved  a  certain  quantity  thereof,  a 
proportional  quantity  of  Soluble  Chalybeated  Tartar  is  form- 
ed. Now  as  this  .Salt  is  much  more  foluble  in  water  than 
Cream  of  Tartar,  and  as  water  always  takes  up  the  more  fo- 
luble Salts,  preferably  to  the  lefs  foluble,  it  is  not  furprifing 
that  Cream  of  Tartar,  being  one  of  thofe  faline  fubftances 
which  diflblve  with  the  greater!:  difficulty,  fhculd  en  this  oc- 
cafion  feparate  from  the  liquor,  and  precipitate;  yielding 
its  place  to  a  Salt  which  hath  a  much  greater  affinity  with 
water. 

Hence  it  appears,  that  to  re-difiblve  the  Cream  of  Tartar, 
and  render  it  capable  of  continuing  to  diflblve  the  Iron  as  ef- 
ficacioufly  as  before,  it  is  not  fufficient  that  frefh  water  be 
added;  but  the  folution  of  the  Soluble  Chalybeated  Tartar 
already  formed  muff,  be  entirely  decanted,  and  frefh  water 
poured  on  the  refidue;  and  then  this  water,  not  being  im- 
pregnated with  any  Soluble  Chalybeated  Tartar,  will  be  ca- 
pable of  re-diffolving  the  Cream  of  Tartar,  and  every  thing 
will  go  on  as  at  the  beginning  of  the  operation,  till  the 
Cream  of  Tartar  come  to  precipitate  again,  for  the  fame  rea- 
fon  as  before,  and  make  a  repetition  of  the  fame  manage- 
ment neceffary.  The  liquor  is  far  from  being  faturated  with 
Soluble  Chalybeated  Tartar,  when  the  precipitation  of  the 
Cream  of  Tartar  renders  it  neceffary  to  decant  it :  fo  that  the 
water  mull  be  often  renewed,  if  you  carry  the  operation  to 
the  utmofl ;  and  then  all  thefe  folutions  mud  be  added  toge- 
ther, and  evaporated,  either  to  drynefs,  if  you  defire  to  have 
the  fait  in  a  dry  form,  or  to  any  other  degree  you  think  pro- 
per. 

This  method  I  followed  at  fir  ft  :  but  as  it  is  exceeding  long 
and  tedious,  though  perhaps  the  belt ;  and  as  I  wanted' to 
have  a  moderate  quantity  of  Soluble  Chalybeated  Tartar, 
with  lefs  trouble,  and  in  lefs  time,  if  pollible,  I  refolved  to 
tr)  whether  or  no  Cream  of  Tartar,  though  feparated  from 
the  liquor  arid  un!i Helved,  were  Hill  capable  of  acting  on 
the  iron  with  inch  efficacy  as  to  diflblve  it.  I  therefore  con- 
tinued to  boil  the  tartarous  folution  on  the  filings  of  Iron, 
notwithiianding  the  precipitation  oi  the  Cream  of  Tartar, 
faking  care  only  ro  add  frefh  water  from  time  to  time,  as  di- 
fecled  in  the  nroeeis  for  the  Tartanzed  i'in&ure  o£  Mars,  to 

replace 
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replace  what  evaporated ;  and  I  obferved  that,  in  facl:,  the 
Cream  of  Tartar,  though  not  perfectly  diffolved,  but  tally 
divided  and  agitated  by  the  motion  of  boiling,,  i til  1  continu- 
ed to  aCt  upon  the  Iron ;  fo  that  the  liquor,  after  boiling  fe- 
ven  or  eight  hours,  was  fo  impregnated  as  to  yield  by  evapo- 
ration a  reafonable  quantity,  in  bulk,  of  Salt  in  a  dry  form. 


PROCESS     IV. 

Cryjlal  of  Tartar  combined  with  the  reguline  Part  of  Anti- 
mony.    Stibiated  or  Emetic  Tartar. 

ULVERIZE  and  mix  together  equal  parts  of  the  Glafs 
and  of  the  Liver  of  Antimony.  Put  this  mixture,  with 
the  fame  quantity  of  pulverized  Cream  of  Tartar,  into  a  vef- 
fel  capabh  of  containing  as  much  water  as  will  difTolve  the 
Cream  of  Tartar.  Boil  the  whole  for  twelve  hours,  from 
time  to  time  adding  warm  water,  to  replace  what  is  diffipnt- 
ed  by  evaporation.  Having  thus  boiled  your  liquor,  filter  it 
while  boiling  hot ;  evaporate  to  drynefs ;  and  you  will  have 
a  faline  matter  which  is  Emetic  Tartar. 

OBSERVATIONS. 

The  Glafs  and  Liver  of  Antimony  are  no  other,  as  was 
faid  in  its  place,  than  the  metallic  earth  of  Antimony  fepa- 
rated  from  the  redundant  Sulphur  of  that  mineral;  but  (till 
retaining  fuch  a  quantity  of  phlojjifton  as  to  pofTefs,  except- 
ing its  metalline  colour,  nearly  the  fame  properties  with  Re- 
gulus  of  Antimony,  and  especially  its  emetic  quality,  and  its 
folubility  in  Acids.  Indeed  thefe  two  preparations  feem  to 
have  more  of  an  emetic  quality  than  the  Regulus  itfelf,  and 
therefore  are  employed  preferably  to  all  others  in  the  prepa- 
ration of  Emetic  Tartar. 

It  is  not  yet  afcertained  in  which  of  the  principles  of  An- 
timony its  emetic  virtue  refides.  We  are  lure,  however,  thaj 
it  cannot  be  afcribed  to  its  earthy  part:  for  the  calx  of  Anti- 
mony, when  entirely  deprived  of  all  phlogifton,  is  not  eme- 
tic, nor  even  purgative  ;  as  is  evident  from  the  efTc&s  of 
Diaphoretic  Antimony  and  the  Pearly  Matter. 

Some  authors  think  Antimony  contains  an  arfenical  prin- 
ciple, to  which  they  impute  its  emetic  quality ;  nor  is  their 
opinion  altogether  void  of  probability.  For  this  arfenical 
part  feeras  to  be  indicated  by  feveral  of  the  properties  of  An- 
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timony,  and  particularly  by  its  affinities  with  other  metallic 
fubftances,  in  which  it  very  nearly  refembles  Arfenic.  But 
this  doth  not  amount  to  a  pofitive  proof:  for  we  can  draw 
nothing  but  probable  conjectures,  at  moft,  from  fuch  analo- 
gies. 

Other  Chymifts  think  the  emetic  virtue  of  Antimony  de- 
pends on  the  union  of  its  metallic  earth  with  its  phlogifton. 
This  opinion  feems  to  me  much  more  probable  than  the 
other:  for  by  only  recombining  a  phlogifton  with  the  earth 
of  Antimony,  deprived  by  calcination  of  all  its  emetic  vir- 
tue, that  virtue  is  perfectly  redored,  and  the  Regulus  thus 
revivified  is  no  lefs  emetic  than  that  which  never  underwent 
calcination. 

However  this  be,  it  is  certain  that  Cream  of  Tartar  ac- 
quires an  emetic  quality,  not  by  barely  uniting  with  one  of 
the  principles  of  Antimony,  but  by  diffolving  entirely  the 
reguline,  or.  femi-reguline,  part  thereof;  and  that  its  emetic 
quality  is  fo  much  the  ftronger,  the  mere  of  that  fubftance  it 
hath  diflbived.  This  is  the  refult  of  feveral  experiments 
made  on  the  fubje£fc  by  Mr.  Geoffroy. 

That  gentleman  collected  feveral  parcels  of  Emetic  Tartar, 
having  different  degrees  of  ftrength.  "  I  employed,"  fays 
he  *,  "  an  ounce  of  each  of  thofe  Emetic  Tartars  :  I  rubbed 
((  them  feparately  with  an  equal  weight,  or  fomething  more, 
"  of  a  black  flux,  made  of  two  parts  of  reel  Tartar,  and  one 
"  part  of  Nitre  calcined  together.  Thefe  mixtures  I  put 
"  into  different  crucibles,  formed  like  inverted  cones:  I  kept 
«  them  in  a  melting  heat  till  the  Salts  in  fufion  funky  and 
"  appeared  like  a  fmooth  oil  at  the  bottom  of  each  crucible. 
"  I  then  let  the  fire  go  out,  broke  the  crucibles  when  cold, 
"  and  found  the  refufcitated  Regulus  in  a  mafs  at  bottom. 

"  Out  of  one  ounce  of  the  weakeft  Emetic  Tartars  I  ob- 
"  tained  from  thirty  grains  to  one  dram  eighteen  grains  of 
"  Regulus.  From  one  ounce  of  fuch  as  were  of  a  middling 
"  ftrength  I  got  one  dram  and  an  half;  and  the  molt  violent 
«  yielded  me  two  drams  and  ten  grains. 

"  The  power,  therefore,  of  the  ftrongefl  Emetic Tartars,'* 
continues  he,  "  depends  on  the  quantity  of  Regulus  of  An- 
"  timony  diflbived  by  the  Cream  of  Tartar,  and  the  nearer 
«  the  preparations- of  Antimony,  on  which  the  folution  of 
"  Cream  of  Tartar  is  boiled,  are  to  the  form  of  a  Regulus 
"  or  a  Glafs,  the  more  violent  is  the  Emetic  Tartar;  beeaufe 
"  the  Vegetable  Acid  of  the  Tartar  acts  then  more  imme- 

*  Memoirs  of  the  Academy  for  1734,  p.  411. 
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*<  diately  upon  the  Emetic  part  of  the  Antimony,  and  dif- 
**  folves  more  of  it." 

Mr.  Geoffrey  found  upon  trial,  that  Cream  of  Tartar  boil- 
ed for  a  due  time  on  Crude  Antimony,  doth  indeed  diffolve 
a  little  of  the  reguline  part  thereof;  but  that  the  quantity  of 
Regulus  diilblved  thereby  is  fo  very  fmall,  that  the  Emetic 
Tartar  produced  is  extremely  weak.  The  grofs  Sulphur,  in 
this  cafe,  hinders  the  Cream  of  Tartar  from  acting  on  the 
reguline  part  with  fo  much  efficacy,  as  when  the  Antimony 
is  properly  prepared  by  freeing  it  entirely  from  its  redundant 
Sulphur. 

Nothing  can  be  added  to  what  Mr.  Geoffroy  hath  faid  on 
this  fubje£t.  His  experiments  are  decifive,  and  fee  the  truth 
he  intended  to  prove  in  the  cleared  light* 

Mr.  Hoffman  affirms,  that  Emetic  Tartar  lofes  part  of  its 
virtue  by  being  boiled  too  long.  A  very  able  Chymift  goes 
fo  far  as  to  fay,  that  Tartar  ought  not  to  boil  above  fix  or 
feven  minutes  with  prepared  Antimony;  becaufe  longer  boil- 
ing defiroys  part  of  its  Emetic  quality.  Can  this  arife  from 
hence,  that  Cream  of  Tartar*  after  diflblving  a  certain  quan- 
tity of  the  reguline  fubflance,  feparates  from  it  afterwards  ? 
Or  is  the  Cream  of  Tartar  itfelf  decompofed  by  too  long 
boiling  ?  This  deferves  to  be  particularly  inquired  into,  as 
well  as  the  nature  of  the  Metallic  Salt,  which  refults  from  the 
union  of  the  Acid  of  Tartar  with  the  Regulus  of  Antimony. 

Cryftal  of  Tartar  acls  alfo  on  feveral  other  metallic  iub- 
ftances,  and  particularly  on  Lead  ;  with  which  it  forms  a 
Salt,  refembling  Tartarized  Tartar  in  the  figure  of  its  cryiials. 


C     IT     A     P.        V. 

Of  the  Product  of  Acetous  Fermentation. 


PROCESS     I. 

Subjlances  fufceptible  of  the  Acetous  Fermentation  turned  in- 
to Vinegar. 

TH  E  Wine,  the  Cyder,  or  the  Malt-liquor,  which  you 
intend  to  convert  into  Vinegar,  being  firft  thoroughly 
mixed  with  its  lees,  and  with  the  Tartar  it  may  have  depo- 
i  fited, 
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fited,  put  your  liquor  into  a  vat  ufed  before,  either  for  mak- 
ing or  for  holding  Vinegar.  This  veffel  muft  not  be  quite 
Full,  and  the  external  air  mud  have  accefs  to  the  liquor 
contained  in  it.  Set  it  where  the  air  may  have  a  degree  of 
warmth  anfwering  nearly  to  the  twentieth  degree  above  o 
in  Mr.  de  Reaumur's  Thermometer.  Stir  the  liquor  from 
time  to  time.  There  will  arife  in  it  a  new  fermentative 
motion,  accompanied  with  heat:  its  vinous  odour  will  gra- 
dually change,  and  turn  to  a  four  fmell,  which  will  become 
ftronger  and  ftronger,  till  the  fermentation  be  finifhed,  and 
ceafe  of  itfelf.  Then  flop  your  veffel  clofe;  the  liquor  it 
contains  will  be  found  converted  into  Vinegar. 

OBSERVATIONS. 

All  fubftances  that  have  undergone  the  fpirituous  fermen- 
tation  are  capable  of  being  changed  into  an  Acid,  by  paf- 
fing  through  this  fecond  fermentation,  or  this  fecond  ftage 
of  fermentation.  Spirituous  liquors,  fuch  as  Wine,  Cyder, 
Beer,  being  expofed  to  a  hot  air,  grow  four  in  a  very  fhorc 
time.  Nay,  thefe  liquors,  though  kept  with  all  poffible  care, 
in  very  clofe  veffels,  and  in  a  cool  place,  degenerate  at  laft, 
change  their  natures,  and  infenfibly  turn  four.  Thus  the 
product  of  fpirituous  fermentation  naturally  and  fpontane- 
oufly  degenerates  to  an  Acid. 

For  this  reafon  it  is  of  great  importance,  in  making  Wine, 
or  any  other  vinous  liquor,  to  (top  the  fermentation  entire- 
ly, if  you  defire  the  Wine  mould  contain  as  much  Spirit  as 
poffible.  It  is  even  more  advantageous  to  check  the  fer- 
mentation a  Tittle  before  it  comes  to  the  height,  than  af- 
terwards :  becaufe  the  fermentation,  though  flackened,  and 
in  appearance  totally  ceafed,  ft  ill  continues  in  the  veffels  5 
but  in  a  manner  fo  much  the  lefs  perceptible,  as  it  proceeds 
more  flowly.  Thus  thofe  liquors,  in  which  the  fermentation 
is  not  quite  finifhed,  but  checked,  continue  for  forne  time  to 
gain  more  Spirit :  whereas,  on  the  contrary,  they -degenerate 
and  gradually  turn  four,  if  you  let  the  fpirituous  fermenta- 
tion go  on  till  it  be  entirely  finifhed. 

The  production  of  the  fecond  fermentation,  which  we 
are  now  to  confider,  is  an  Acid  of  fo  much  the  greater 
ftrength,  the  ftronger  and  more  generous  the  fpirituous  li- 
quor, in  which  it  is  excited,  originally  was.  Mhe  ftrength 
oi  this  Acid,  commonly  called  Vincgary  depends  like  wife, 
in  a  great  meafure,  on  the  methods  ufed  in  fermenting 
the  vinous  liquor,  in  order  to  convert  it  into  Vinegar  :  for 
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if  it  be  fermented  in  broad,  flat  veffels,  and  left  to  grow 
four  of  itfelf,  the  fpirituous  part  will  be  diilipated,  and  the 
liquor,  though  four  indeed,  will  be  vapid  and  effete. 

The  Vinegar-makers,  to  increafe  the  ftrength  of  their  Vi- 
negar, ufe  certain  methods  of  which  they  make  a  myftery, 
keeping  them  very  fecret.  However,  Mr.  Boerhaave  gives 
us,  from  fome  Authors,  the  following  defcription  of  a  pro- 
cefs  for  making  Vinegar. 

U  Take  two  large  oaken  Vats  or  Hogfheads,  and  in  each 
"  of  thefe  place  a  wooden  grate  or  hurdle,  at  the  diftance 
"  of  a  foot  from  the  bottom.  Set  the  veflel  upright,  and 
"  on  the  grates  place  a  moderately  clofe  layer  of  green  twigs, 
«  or  frefh  cuttings  of  the  vine.  Then  fill  up  the  vefTel  with 
«  the  foot-ftalks  of  grapes,  commonly  called  the  Rape,  to 
«<  within  a  foot  of  the  top  of  the  veflel,  which  muft  be  left 
«  quite  open. 

"  Having  thus  prepared  the  two  veflels,  pour  into  them 
"  the  Wine  to  be  converted  into  Vinegar,  fo  as  to  fill  one 
«  of  them  quite  up,  and  the  other  but  half  full.  Leave 
"  them  thus  for  twenty-four  hours,  and  then  fill  up  the  half- 
«  filled  vefTel,  with  liquor  from  that  which  is  quite  full, 
"^and  which  will  now  in  its  turn  be  left  only  half- full. 
f*  Four  and  twenty  hours  afterwards  repeat  the  fame  opera- 
*<  tion,  and  thus  go  on,  keeping  the  veflels  alternately  full 
"  and  half-full,  during  every  twenty-four  hours,  till  the  Vi- 
"  negar  be  made.  On  the  fecond  or  third  day  there  will 
<c  arife,  in  the  half-fiHed  veflel,  a  fermentative  motion,  ac- 
««  companied  with  a  fenfible  heat,  which  will  gradually  in- 
"  create  from  day  to  day.  On  the  contrary,  the  fermenting 
*'  motion  is  almoft  imperceptible  in  the  full  veflel ;  and  as 
M  the  two  veffels  are  alternately  full  and  half-full,  the  fer- 
"  mentation  is  by  that  means,  in  fome  meafure,  inter- 
«  rupted,  and  is  only  renewed  every  other  day,  in  each  vef- 
«  fel. 

"  When  this  motion  appears  to  be  entirely  ceafed,  even 
«  in  the  half-filled  veflel,  it  is  a  fign  that  the  fermentation 
"  is  finifhed  ;  and  therefore  the  vinegar  is  then  to  be  put 
"  into  common  calks,  cloie  flopped,  and  kept  in  a  cool 
"  place. 

"  A  greater  or  lefs  degree  of  warmth  accelerates  or  checks 
«  this,  as  well  as  :iie  fpirituous  fermentation.  In  France  it 
«  is  finithed  in  about  fifteen  days,  during  the  fummer  ;  but 
<S  if  the  heat  of  the  air  be  very  great,  and  exceed  the  twenty- 
"  fifth  degree  of  Mr.  de  Reaumur's  Thermometer,  the  half- 
«  filled  veflel  muft  be  filled   up  every  twelve  hours  ;  be- 

"  caufe 
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caufe,  if  the  fermentation  be  not  fo  checked  in  that  time, 
it  will  become  fo  violent,  and  the  liquor  will  be  fo  heat- 
ed, that  many  of  the  fpirituous  parts,  on  which  the 
ftrength  of  the  Vinegar  depends,  will  be  dillipated  ;  fo 
that  nothing  will  remain,  after  the  fermentation,  but  a 
vapid  wafh,  four  indeed,  but  effete.  The  better  to  pre- 
vent the  diflipation  of  the  fpirituous  parts,  it  is  a  proper 
and  ufual  precaution  to  clofe  the  mouth  of  the  half-filled 
veffel,  in  which  the  liquor  ferments,  with  a  cover  made 
alfo  of  oak-wood.  As  to  the  full  veflel,  it  is  always 
left  open,  that  the  air  may  a£t.  freely  on  the  liquor  it 
contains  :  for  it  is  not  liable  to  the  fame  inconveniencies, 
becaufe  it  ferments  but  very  flowly." 
The  vine-cuttings  and  grape-flalks,  which  the  Vinegar- 
makers  put  into  their  veffels,  ferve  to  increafe  the  ftrength  of 
the  liquor.  Thefe  matters  contain  a  very  manifeft  and  per- 
ceptible Acid.  They  alfo  ferve  as  a  ferment ;  that  is,  they 
difpofe  the  Wine  to  become  eager  more  expeditioufly,  and 
more  vigoroufly.  They  are  the  better,  and  the  more  effica- 
cious, for  having  been  once  ufed,  becaufe  they  are  thereby 
thoroughly  drenched  with  the  fermented  Acid  :  and  there- 
fore the  Vinegar-makers  lay  them  by,  for  preparing  other 
Vinegar,  after  warning  them  nimbly  in  running  water,  in 
order  to  free  them  from  a  vifcid  oily  matter,  which  fettles  on 
them  during  the  fermentation.  This  matter  rauft  by  all 
means  be  removed ;  becaufe  it  is  difpofed  to  grow  mouldy 
and  rot;  fo  that  it  cannot  but  be  prejudicial  to  any  liquor 
into  which  you  put  it. 

As  the  Acetous  fermentation  differs  from  the  Spirituous 
in  its  production,  fo  it  doth  in  many  circumftances  attend- 
ing it.  i.  Motion  and  agitation  are  not  prejudicial  to  the 
Acetous  fermentation,  as  they  are  to  the  Spirituous ;  on  the 
contrary,  moderate  ftirring,  provided  it  be  not  continual,  is 
of  fervice  to  it.  «.  This  fermentation  is  accompanied  with 
remarkable  heat ;  whereas,  the  warmth  of  the  fpirituous  fer- 
mentation is  fcarce  fenfible.  3.  I  do  not  believe  there  ever 
was  an  inftance  of  the  vapour  that  rifes  from  a  liquor  in  A- 
cetous  fermentation  proving  noxious,  and  producing  either 
diforders  or  fudden  death,  as  the  vapour  of  fermenting  Wine 
doth.  4.  Vinegar  depofites  a  vifcid  oily  matter,  as  hath  jufc 
been  obferved,  very  different  from  the  Lees  and  Tartar  of 
Wine.  Vinegar  never  depofites  any  Tartar ;  even  though 
new  Wine,  that  hath  not  yet  depofited  its  Tartar,  mould  be 
ufed  in  making  it. 

3  Y  2  Tl* 
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The  following  proceffes  will  give  us  occafion   to  treat  of 
the  nature  of  Vinegar,  and  the  principles  of  which  it  con- 


PROCESS      II. 

To  concentrate  Vinegar  by  FroJ:. 

EXPOSE  to  the  air,  in  frofty  weather,  the  Vinegar  you 
defire  to  concentrate.  Icicles  will  form  in  it  •,  but  the 
whole  liquor  will  not  freeze.  Takeout  thofe  icicles:  and 
if  you  defire  a  further  concentration  of  your  Vinegar  by  this 
method,  the  liquor  which  did  not  freeze  the  firft  time  rauft 
be  expofed  to  a  ftronger  froft.  More  icicles  will  form  there- 
in, which  muft  likewife  be  feparated,  and  kept  by  themfelves. 
The  liquor  which  doth  not  freeze  this  fecond  time  will  be  a 
very  itrong  concentrated  Vinegar. 

OBSERVATIONS. 

Liqjjors,  replete  with  an  Acid,  freeze  with  much  more 
difficulty  than  pure  water.  Thus,  if  a  very  aqueous  acid  li- 
quor be  expofed  to  froft,  fome  of  the  water  in  the  liquor 
will  prefently  freeze  ;  while  the  reft,  being  rendered  more 
acid  by  the  feparation  of  the  frozen  phlegm,  will  remain 
fluid,  and  refift  the  degree-  of  cold  which  freezes  water. 
Now  Vinegar,  being  an  acid  liquor  containing  much  wa- 
ter, may  therefore  be  highly  concentrated  by  freezing  its 
phlegm  in  this  manner  ;  and  the  more  icicles  you  get  irora 
it,  the  ftronger  and  more  active  will  the  remaining  Vine- 
gar be. 

Mr,  Stahl  was  the  firft,  I  believe,  who  thus  made  ufe  of 
congelation,  for  procuring  a  very  ftrong  Acid  of  Vinegar. 
Mr.  Geoffrey  hath  fince  taken  the  fame  method.  A  curi- 
ous and  circumftantial  account  of  his  experiments,  on  this 
fubje&j,  are  printed   in   the  Memoirs  of  the  Academy  for 

As  it  was  excefiive  cold  in  the  winter,  of  that  year,  Mr. 
Geoffroy  took  the  opportunity  of  expoiing  to  the  froft  ieveral 
Vinegars  of  different  ftrengths;  and  he  determined  the  de- 
gree or  Acidity  in  each,  both  before  ?>nd  after  their  concen- 
tration, in  order  to  compare  them,  and  difcover  how  much 
ftronger  each  Vinegar  was  rendered  by  the  freezing  of  the 
aqueous  part.     To  determine  the  ftrength  of  the  Vinegars, 

he 
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he  made  ufe  of  the  method  pointed  out  by  Mr.  Romberg  and 
Mr.  Stahl.  This  method  confifts  in  combining  to  the  exact 
point  of  formation,  a  certain  quantity  of  Vinegar  with  well- 
dried  Salt  of  Tartar.  The  more  Salt  of  Tartar  is  required, 
to  abforb  and  perfectly  neutralize  the  Vinegar,  the  (honker 
it  muft  be  reckoned;  becaufe  the  quantity  of  Alkali  necefiary 
to  conftitute  a  Neutral  Salt  is  always  proportioned  to  the 
quantity  of  Acid  in  that  Salt. 

One  of  the  Vinegars  employed  in  Mr.  Geoffroy's  experi- 
ments, two  drams  of  which  were  entirely  abforbed  by  fix 
grains  of  Salt  of  Tartar,  having  been  concentrated  by  once 
freezing,  and  thereby  reduced  from  eighteen  quarts  to  fix, 
he  found  it  fo  increafed  in  ftrength,  that  two  drams  there- 
of required  twenty-four  grains  of  Salt  of  Tartar  to  abforb 
them.  % 

The  firft  icicles  that  feparate  from  Vinegar,  in  this  pro- 
cefs,  are  perfectly  clear,  and  as  infipid  as  water.  As  the 
Vinegar  becomes  more  concentrated,  the  plates  of  ice  be- 
coming thinner,  more  fpongy,  and  flaky  like  fnow,  retain 
between  them  fome  portion  of  the  Acid ;  and  it  is  proper 
to  begin  to  fave  them  as  ioon  as  they  appear  to  be  fenfibly 
acid. 

Mr.  Geoffrey  carried  the  concentration  of  Vinegar  as  far  as 
the  cold  of  that  winter  in  1739  would  allow  him  ;  and  eight 
quarts  of  Vinegar,  already  concentrated  by  froft  in  the  pre- 
ceding years,  being  reduced  to  two  quarts  and  a  half  by  the 
froft  of  the  19th  of  January,  the  coldeft  day  of  that  year, 
was  found  to  be  fo  ftrong,  that  two  drams  thereof  required 
forty-eight  grains  of  Salt  of  Tartar  to  abforb  them.  The 
icicles  of  this  Vinegar,  being  thawed,  retain  fo  much 
ftrength  as  to  require  thirteen  grains  of  the  Salt  of  Tartar  to 
abforb  them. 

Vinegar  fufFers  no  decompofition  by  the  congelation  of  its 
phlegm,  and  the  confequent  concentration  of  its  Acid. 
What  is  left  ftill  contains  all  the  principles  of  which  Vinegar 
confifts.  Its  principles  are  only  brought  nearer  together,  and 
into  a  fmaller  compafs :  and  for  this  reafon  it  grows  the 
thicker  the  more  it  is  concentrated.  When  therefore  you  de- 
fire  to  concentrate  the  Acid  of  Vinegar,  and  at  the  fame 
time  to  purify  it,  that  is,  to  free  it  from  fome  of  its  oil  and 
earth,  you  muft  have  recourfe  to  diftillation. 

Wine,  as  well  as  Vinegar,  may  be  concentrated  by  freez- 
ing. Mr.  Stahl  expofed  leveral  forts  of  Wine  to  the  froft, 
and  by  that  means  feparated  from  them  about  two  thirds,  or 
fhree  quarters,  of  aimoft  pure  phlegm.     The  remainders  of 
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the  Wines  fo  concentrated  were  of  a  fomewhat  thickifh  con- 
fidence. They  were  very  ftrong,  and  kept  for  feveral  years 
without  altering,  in  places  where  the  free  accefs  of  the  air, 
alternately  cold  and  hot  according  to  the  feafons,  would  have 
foured,  or  fpoiled,  any  other  kind  of  Wine  in  the  fpace  of 
a  few  weeks. 

Wine  thus  concentrated  by  freezing  is  not  thereby  decom- 
pofed,  any  more  than  Vinegar  :  it  is  only  dephlegmated. 
By  the  addition  of  as  much  water  as  was  feparated  from  it, 
you  may  reftore  it  to  its  former  condition  ;  in  which  re- 
fpec~l  it  differs  greatly  from  the  refidue  of  Wine  whofe  fpiri- 
tuous  part,  with  a  proportion  of  its  phlegm,  hath  been  drawn 
off  by  diftillation  :  for  though  you  mix  that  refidue  again 
with  the  principles  you  feparated  from  it,  you  can  never 
make  Wine  of  it  again ;  the^/pirituous  part  being  no  long- 
er in  a  capacity  to  combine  with  the  other  principles  of 
the  Wine,  in  the  fame  manner  as  before  that  feparation. 
And  this  (hews  that  heat,  befides  fcparating  the  mod  vo- 
latile parts,  produces  moreover  a  confiderable  change  in 
the  difpofition  of  thofe  which  did  not  rife  in  the  firft  diftil- 
lation. 

Since  the  above  experiments  were  made  by  Meffrs.  Stahl 
and  Geoffroy,  concentration  by  freezing  is  pretty  frequently 
practifed  in  laboratories  ;  but  on  Vinegar  only,  feldom  on 
Wine  :  becaufe,  when  Vinegar  is  thus  concentrated,  a  much 
ffxonger  Acid  is  more  eafily  and  more  expeditioufly  obtained 
from  it,  as  will  be  fhewn  in  the  following  procefs ;  whereas 
the  diftillation,  as  well  as  the  quality,  of  Spirit  of  Wine  is 
much  the  fame,  whether  the  Wine  it  is  obtained  from  be 
concentrated  or  no.  The  reafon  of  this  difference  is,  that 
Spirit  of  Wine,  being  very  light,  rifes  in  diftillation  before 
the  phlegm ;  whereas  the  Acid  of  Vinegar,  being  much 
more  ponderous,  rifes  only  at  the  fame  time  with  the  aque- 
ous part,  or  even  after  it. 


PROCESS     III. 

Vinegar  analyzed  by  Dijiillation. 

INTO  a  glafs  or  (tone  cucurbit  put  the  Vinegar  to  be  di- 
ftilled  j  fit  to  it  a  glafs  head ;  place  your  alembic  in  the 
fand-bath  of  a  diftilling  furnace,  and  lute  on  a  receiver.  Ap- 
ply a  very  gentle  heat  at  firft.     A  clear,  limpid,  light  liquor 

will 
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will  rife,  and  fall'  in  diftindt  drops,  like  water,  from  the  note 
of  the  alembic. 

Continue  diftilling  this  firft  liquor,  till  the  vinegar  con- 
tained in  the  cucurbit  be  diminilhed  about  a  fourth  part. 
Then  ftiift  your  receiver,  and  increafe  the  fire  a  little.  A 
clear  liquor  will  ftill  come  over,  but  heavier  and  more  acid 
than  the  former.  Diftil  in  this  manner,  till  you  have  drawn 
off,  into  your  fecond  receiver,  two-thirds  of  the  liquor  that 
was  left  in  the  cucurbit. 

A  thick  matter  will  now  remain  at  the  bottom  of  the  ftill: 
put  it  into  a  retort ;  lute  on  a  receiver  ;  fet  your  retort  in  a 
reverberating  furnace,  and  diftil  with  degrees  of  fire.  There 
will  come  over  a  limpid  liquor,  very  acid  and  fharp,  yet 
ponderous,  and  requiring  a  great  degree  of  fire  to  raife  it ; 
on  which  account  it  makes  the  receiver  very  hot.  It  hath  a 
ftrong  empyreumatic  fmell.  When  the  diftillation  begins  to 
ilacken,  increafe  your  fire.  There  will  rife  an  Oil  of  a  fe- 
tid, quick  fmell  At  laft,  when  nothing  more  will  rife 
with  the  ftrongeft  fire,  break  the  retort,  and  in  it  you  will 
find  a  black  charred  matter  :  burn  it,  and  from  the  allies  li- 
xiviated with  water  you  will  obtain  a  Fixed  Alkali. 

OBSERVATIONS. 

None  of  the  liquors  that  come  over  in  this  operation,  be- 
fore the  laft  fetid  Oil,  feem  to  have  any  other  properties 
than  thofe  of  an  oily  Acid;  none  of  them  is  inflammable, 
none  of  them  refembles  Spirit  of  Wine ;  but  all  of  them 
being  thrown  into  the  fire  extinguiih  it.  Mr.  Boerhaave 
however  takes  notice,  that  a  Chymift,  named  Vigani,  affirms 
the  firft  portion  of  the  liquor  which  rifes  in  the  di (filiation 
of  Vinegar  to  be  inflammable,  and  no  other  than  Spirit  of 
Wine.  Mr.  Boerhaave  fufpe£ted  that  this  might  happen 
from  Vigani's  having  diftilled  Vinegar  too  newly  made  ;  and 
found  upon  trial  that  Vinegar,  being  diftilled  foon  after  it 
was  made,  yielded  at  firft  in  diftillation  a  certain. quantity  of 
an  Ardent  Spirit;  but  that  the  fame  thing  did  not  happen  in 
the  diftillation  of  old  Vinegar.  And  this  proves  that  fer- 
mentation hath  the  fame  effect  on  Vinegar  as  on  Wine ;  that 
is,  that  though  the  fermentation  which  produces  thefe  li- 
quors feems  to  be  over  in  a  certain  time,  when  the  violent 
inteftine  commotion  ceafes*  yet  it  ftill  continues  in  the  vef- 
fels  for  a  confiderable  time  after,  though  it  be  imperceptible. 
Thus,  the  portion  of  Ardent  Spirit,  obtained  from  fome 
Vinegars,    comes  from  a   fmall  quantity  of  Wine,  which 

ftill 
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ftill  remains  unchanged  in  thefe  Vinegars,  not  having  had 
time  enough  to  turn  four.  For  it  is  certain,  from  the  ex- 
periments of  all  other  Chymifts  as  well  as  Mr.  Boerhaave, 
that  Vinegar,  when  old  enough,  yields  no  Ardent  Spirit  in 
diitillation. 

But  though  old  and  well-made  Vinegar  yields  no  Ardent 
Spirit  in  diitillation,  we  cannot  thence  conclude  that  it  con- 
tains none.  On  the  contrary,  there  are  experiments  which 
demonftrate  that  feme  of  the  Ardent  Spirit,  which  was  in 
the  Wine  before  it  was  turned  into  Vinegar,  ftill  remains  ; 
but  probably  fo  combined  and  blended  with  the  acid  part, 
that  it  cannot  be  feparated  and  rendered  perceptible  but  by 
peculiar  procefles. 

Mr.  GeofFroy  obtained  an  Ardent  Spirit  from  Vinegar, 
by  diftilfing  it  as  foon  as  it  was  concentrated  by  freezing. 
"  This  fprrit,"  fays  he  *,  "  is  the  firit  liquor  that  rifes.  At 
"  firft  it  hath  only  the  fame  degree  of  inflammabiliry  as 
"  brandy  ;  but,  when  re-diftilled  in  the  balneum  maria,  it 
"  fires  gun-powder,  like  the  beft  rectified  Spirit  of  Wine  : 
a  with  this  difference,  that  our  Spirit  is  impregnated  with 
*<  an  oil  of  an  acrid  tafte  and  empyreumatic  fmdl,  which 
<<  makes  it  yellow,  and  imparts  its  odour  to  it.  This  Spirit, 
"  at  leaft  that  which  comes  over  firft,  retains  none  of  the 
"  Acid  of  the  Vinegar ;  feeing  it  neither  changes  the  tincture 
n  of  violets,  nor  effervefces  with  Salt  of  Tartar." 

Mr.  Geoffroy  obferves,  that,  if  Vinegar  concentrated  by- 
freezing  be  afterwards  kept  for  feveral  years,  no  Ardent 
Spirit  will  then  be  obtained  from  it  by  diitillation.  And 
this  confirms  what  we  faid  of  unconcentrated  Vinegar,  and 
gives  reafon  to  think  that  the  Ardent  Spirit  obtained  from 
Vinegar,  either  by  diftilling  it  after  concentration  by  freez- 
ing, or  by  other  proceffes  of  which  we  fhall  treat  in  the  fe- 
quel,  is  foreign  to  the  Vinegar,  and  is  only  found  therein, 
as  was  faid  above,  becaufe  Vinegar  contains  a  certain  quan- 
tity of  Wine  which  hath  not  altered  its  nature.  For  the 
Spirit  of  Wine  we  obtain  from  Vinegar  doth  not  hinder  our 
obtaining  from  it  a  great  deal  of  Acid,  which  befng  more 
ponderous  rifes  after  it.  Mr.  Geoffroy  gives  the  follow. 
ing  account  of  the  fequel  of  his  analyfis  of  Vinegar  by  di- 
stillation. 

«  Continuing  to  diftil  in  a  balneum  marine  the  concen- 
"  trated  Vinegar,  of  which  I  had  employed  four  pounds 
«  two  ounces,  there  was  left,  after  the  diitillation,  a  rcfi- 
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«  duum  of  fourteen  ounces ;  which  could  not  rife,  becaufe 
"  it  was  too  thick.  I  found  it  covered  with  a  faline  cruft, 
«  which  is  the  true  Effential  Salt  of  Vinegar,  and  not  of 
«c  the  fame  nature  with  Tartar :  for  Tartar  of  Wine  is  fcent- 
««  lefs  ;  whereas  the  Salt  of  Vinegar  hath  a  pungent  fmell, 
■"  being  the  Acid  of  Tartar  fubtilized  by  its  union  with 
"  the  Sulphureous  parts.  If  a  fand-bath  be  now  ufed,  in* 
M  ftead  of  the  balneum  maria,  to  carry  on  the  diftillation 
"  without  burning  the  matter,  part  of  this  Salt  will  be  re- 
"  folved,  and  yield  the  lad  Acid  Spirit,  which  is  the  ftrong- 
"  eft  that  can  be  obtained. 

*i  After  I  had,  by  a  fand-heat,  extracted  all  the  Acid 
"  Spirit  that  the  feveral  refiduums  put  together  would  yield, 
"  I  found  at  the  bottom  of  the  cucurbit  a  brown  mafs, 
"  of  the  confidence  of  a  pretty  folid  extract.  Of  this  I 
"  put  into  a  retort  two  pounds,  together  with  fix  pounds 
u  of  fand  well  warned  and  very  dry  ;  and,  applying  a  gra- 
"  duated  heat,  I  firft  obtained  fix  ounces  of  an  Acid  Spirit, 
"  that  fmelt  very  flrong  of  the  empyreuma,  and  was  a  lit— 
"  tie  coloured  with  fome  portion  of  oil;  feven  ounces  of 
«  Spirit,  having  a  volatile  urinous  fmell,  came  over  next : 
"  at  laft  the  white  vapours  appeared  more  and  more  denfe. 
*«  A  volatile  concrete  Salt  adhered  to  the  fides  of  the  bal- 
<c  Ion,  and  I  found  four  ounces  of  a  thick  fetid  Oil  float- 
"  ing  on  the  Spirit.  The  concrete  volatile  Salt,  when 
"  collected,  weighed  two  drams.  The  black  matter  re- 
«  maining  in  the  bottom  of  the  retort,  being  calcined  and 
"  lixiviated,  yielded  a  fat  alkaline  Salt,  which  it  is  almoft 
M  impoilible  to  dry." 

I  have  given  this  account  of  Mr.  GeorTroy's  analyfis  of 
Vinegar  at  length,  only  becaufe  it  differs  in  feveral  refpects 
from  that  defcribed  in  the  procefs,  which  is  Mr.  Boer- 
haave's,  as  well  as  from  thofe  delivered  by  feveral  other 
Authors,  wrho  make  no  mention  either  of  the  faline  mat- 
ter, which  Mr.  Geoffroy  found  on  the  refiduum  of  Vine- 
gar, after  its  firft  diftillation  in  the  balneum  marine,  or  of 
the  volatile  urinous  Spirit  and  Salt,  which  he  obtained  from 
that  refiduum. 

Thefe  differences  may  arife  either  from  the  manner  of  di- 
flilling  the  Vinegar,  or  from  Mr.  GeofTroy's  Vinegar  having 
been  concentrated  by  freezing,  or  rather  from  the  quantity, 
and,  above  all,  from  the  age  of  the  Vinegar,  examined  by 
thofe  different  Chymifts. 

The  diftillation  of  Vinegar  ferves  not  only  to  feparate  its 
Acid  from  a  confiderable  quantity  of  earth  and  oily  parts, 
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with  which  it  is  entangled,  but  alfo  to  dephlegmate  and 
concentrate  it.  Yet  Mr.  Lemeri  affirms,  that  Vinegar  is  not 
diftilled  with  a  view  to  dephlegmate  it.  He  condemns  the 
common  method  of  throwing  away  the  firft  runnings  as  ufe- 
lefs  phlegm,  and  faving  only  what  comes  off  afterwards ; 
having,  he  fays,  obferved,  that  the  phlegm  of  Vinegar  can- 
not be  abftracled,  like  that  of  many  other  acid  liquors,  and 
that  what  comes  over  firft  is  almoft  as  (harp  as  what  rifes  af- 
terwards, be  the  fire  applied  at  firft  ever  fo  fmall. 

There  is  reafon  to  think  that  Mr.  Lemeri  did  not 
carefully  enough  examine  the  ftrength  of  his  Spirit  of  Vi- 
negar, at  the  different  ftages  of  his  diftillation :  for  Mr. 
Geoffroy,  in  the  Memoir  above  cited,  gives  an  account  of  a 
diftillation  of  Vinegar,  the  produ£fc  whereof  he  examined 
with  care,  having  for  that  purpofe  divided  it  into  five  differ- 
ent portions :  and  his  experiments  put  it  beyond  all  doubt, 
that  the  firft  portions  of  Spirit  of  Vinegar  are  far  from  be- 
ing fo  acid  as  the  laft.  This  Vinegar  was  fo  ftrong  before 
diftillation,  that  it  required  fix  grains  of  Salt  of  Tartar  to 
abforb  two  drams  of  it.  Two  drams  of  the  firft  portion  of 
his  Spirit  were  abforbed  by  three  grains  only  of  Salt  of 
Tartar :  the  Acid  of  the  fecond  portion  took  five  grains  to 
abforb  it.  (Each  experiment  was  made  with  two  drams  of 
Vinegar).  The  third  portion  was  abforbed  by  ten  grains  ; 
the  fourth  by  thirteen,  and  the  fifth  took  no  lefs  than  nine- 
teen :  which  proves  that  Vinegar,  like  moft  other  Acids,  may 
be  concentrated  by  diftilling  off  the  moft  aqueous  part,  which 
is  lighter  than  the  Acid. 

There  are  therefore  two  ways  of  concentrating  Vinegar, 
and  feparating  its  moft  acid  part,  namely  diftillation  and 
congelation.  Thefe  two  methods  may  be  fucceffively  applied 
to  the  fame  Vinegar,  and  a  very  powerful  Acid  obtained  by 
their  concurrence.  Mr.  Geoffroy  having  expofed  to  the 
froft,  on  the  19th  of  January  1739,  the  laft  ruffet-coloured 
liquor,  drawn  from  the  refiduum  of  diftilled  Vinegar,  found 
it  fo  concentrated  thereby,  that  it  required  fixty  grains  of 
Salt  of  Tartar  to  abforb  two  drams  of  it. 


CHAP. 
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C     II     A     P.         VI. 

The   Acid  of  Vinegar  combined  with   different    sub- 
stances. 


PROCESS     I. 

The  Acid  of  Vinegar  combined  with  alkaline  Sub/lances. 
Foliated  Salt  of  Tartar t  or  Regenerated  Tartar.  De- 
compaction of  that  Salt. 

INTO  a  gbfs  cucurbit  put  fome  very  pure  and  well-dried 
Salt  of  Tarts?*,  and  pour  on  it  fome  good  diftilled  Vi- 
negar, by  little  and  little  at  a  time.  An  effervefcence  will 
arife.  Pour  on  more  Vinegar,  till  you  attain  the  point  of 
faturation.  Then  fit  a  head  to  the  cucurbit ;  fet  it  in  a  fand- 
bath  j  and  having  luSed  on  a  receiver,  diftil  with  a  gentle, 
heat,  and  very  ilowly,  till  nothing  remain  but  a  dry  matter. 
On  this  refiduum  drop  a  little  of  the  fame  Vinegar ;  and  if 
any  efvervefcence  appears,  add  more  Vinegar  till  you  attain 
the  point  of  faturation,  and  diftil  again  as  before.  If  you 
obferve  no  effervefcence,  the  operation  was  rightly  per- 
formed. 

OBSERVATIONS. 

It  is  not  eafy  to  hit  the  exa£t  point  of  faturation  in  pre- 
paring this  Neutral  Salt ;  becaufe  the  oily  parts,  with  which 
the  Acid  of  Vinegar  is  loaded,  hinder  it  from  acting  fo 
brifldy  and  readily  as  it  would  do,  if  it  were  as  pure  as  the 
Mineral  Acids  :  and  for  this  t eafon  it  often  happens,  that, 
when  we  have  nearly  attained  the  point  of  faturation,  the 
addition  of  an  Acid  makes  no  fenfible  effervefcence,  though 
the  Alkali  be  not  yet  entirely  faturated ;  which  deceives  the 
operator,  and  makes  him  conclude  erroneoufly  that  he  hath 
attained  the  true  point  of  faturation. 

But  he   eafily  perceives  his  miflake,  when,  after  having 

feparated  from  this  faline  compound  all  its  fuperfluous  moi- 

fture  by  diftillation,  he  drops  frefh  Vinegar  upon  it:  for 

•hen  the  Salts  being  more  concentrated,  and  confequently 

3  Z  z  more 
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more  a&ive,  produce  an  effervefcence,  which  would  not 
have  been  fenfible  if  this  laft  portion  of  Acid,  inftead  of 
coming  into  immediate  contact  with  the  dried  Alkali,  could 
not  have  mixed  therewith  till  diffufed  through,  and  in  a 
manner  fufrocated  by,  that  phlegm  from  which  the  Acid  of 
the  Vinegar,  before  neutralized,  was  gradually  feparated  by- 
its  combining  with  the  Alkali  ;  that  phlegm  keeping  in  fo- 
lution  both  the  Neutral  Salt  already  formed,  and  the  Alkali 
not  yet  fatorated.  And  for  this  reafon  it  is  neceflary  to  try, 
after  the  firft  deficcation  of  this  Salt,  which  is  called  Rege- 
nerated Tartar,  whether  or  no  the  juft  point  of  faturatioa 
hath  been  attained. 

It  may  alfo  happen,  that,  though  the  point  of  faturation 
was  exactly  hit  at  fir  ft,  this  compound  Salt  (hall  neverthe- 
lefs,  after  deficcation,  efTervcfce  with  frefh  Vinegar,  and 
therefore  not  be  in  a  perfectly  neutral  Rate  at  that  time.  In 
this  cafe  the  Salt  muft  have  been  dried  by  too  violent  a  fire, 
and  partly  decompounded  by  an  excefs  of  heat  carrying  off 
fome  of  the  Acid,  which  does  not  adhere  very  ftrongly  to 
the  Alkali.  This  is  one  of  the  reafons  why  it  is  neceilary 
that  Regenerated  Tartar  be  deficcated  with?  a  very  gentle 
heat. 

From  what  hath  been  faid,  concerning  the  deficcation  of 
this  Neutral  Salt,  it  is  plain,  that  the  rSz  of  it  is  only  to 
free  the  Salt  from  the  great  quantity  of  fuperfluous  moifture 
wherein  it  is  difTolved  :  which  proves  that  the  Acid  of  Vi- 
negar, like  all  other  Acids  difTolved  in  much  water,  is  fe- 
parated from  moil  of  this  redundant  phlegm  by  being  com* 
bined  with  a  Fixed  Alkali.  And  hence  we  mud  conclude, 
that  the  Acid  of  Vinegar,  contained  in  Regenerated  Tartar 
deficcated,  is  vaftly  (tronger  and  more  concentrated  than  it 
was  before :  and  accordingly  Mr.  Geoffroy,  having  decom- 
pounded this  Salt,  by  the  means  of  concentrated  Oil  of  Vi- 
triol, obtained  a  Spirit  of  Vinegar  in  white  vapours,  which 
was  very  volatile  and  very  lirong,  but  perhaps  fomewhat  de- 
praved with  a  taint  of  the  Vitriolic  Acid. 

Though  the  Acid  of  Vinegar  be  freed,  by  combining 
with  a  Fixed  Alkali,  from  a  great  quantity  of  fuperfluous 
phlegm,  as  was  fhewn  above;  yet  the  oily  parts  with  which 
it  is  entangled  ftili  cleave  to  it :  thefe  parts  are  not  feparated 
from  it  by  its  converfion  into  a  Neutral  Salt,  but,  without 
quitting  it,  combine  alfo  with  the  Fixed  Alkali;  and  this 
gives  Regenerated  Tartar  a  faponaceous  quality,  and  feveral 
other  peculiar  properties. 

Rege- 
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Regenerated  Tartar,  when  dried,  is  of  a  brown  colour. 
It  is  femi-volatile  ;  melts  with  a  very  gentle  heat,  and  then 
refembles  an  unctuous  liquor  ;  which  indicates  its  contain- 
ing-an  Oil  :  when  cad  upon  live  coals  it  flames  ;  and,  when 
diftilled  with  a  ftrong  heat,  yields  an  actual  oil  ;  all  which 
evidently  prove  the  exiftence  of  that  Oil. 

This  Salt  is  foluble  in  spirit  of  Wine;  a  quality  which  it 
probably  owes  alfo  to  its  Oil.  It  requires  about  fix  parts  of 
Spirit  of  Wine  to  diiTolve  it;  and  the  difTolution  fucceeds 
very  well  in  a  matrafs,  with  the  help  of  a  gentle  warmth. 
If  the  Spirit  of  Wine  be  abftracted  from  this  folution,  by 
diftiiling  with  a  fmali  fire,  the  Salt  remains  at  the  bottom  of 
the  cucurbit,  in  the  form  of  a  dry  fubflance  compofed  of 
leaves  lying  one  upon  another ;  which  barb  procured  it  the 
name  of  'terra  Foliata  Tartaric  or  Foliated  Salt  of  Tar- 
tar. 

It  is  not  abfolutely  necefTary  that  Regenerated  Tartar  be 
difTolved  in  Spirit  of  Wine  to  make  the  Foliated  Salt:  for  it 
may  be  procured  in  this  form,  by  only  evaporating  the  wa- 
ter in  which  it  is  difTolved.  But  the  operation  fucceeds 
better  with  Spirit  of  Wine  ;  probably  becaufe  the  fuccefs 
thereof  depends  on  ufing  an  exceeding  gentle  warmth : 
now  Spirit  of  Wine  evaporates  with  much  lefs  heat  than 
water. 

Regenerated  Tartar  may  alfo  be  cryfbllized.  If  you  de- 
fire  to  have  it  in  this  form,  combine  the  Acid  with  the  Al- 
kali to  the  point  of  faturation  ;  evaporate  the  liquor  flowly  to 
the  confidence  of  a  fyrop,-  and  fet  it  in  a  ccol  place ;  where 
it  will  fhoot  into  clufters  of  cryftals  lying  one  upon  another 
like  feathers. 

Vinegar  perfectly  difiblves  abforbent  matters  alfo,  and  par- 
ticularly thofe  of  the  animal  kingdom  ;  fuch  as  Coral, 
Crabs-eyes,  Pearls,  &c.  In  order  to  a  difTolution  of  fuch 
matters,  you  mufl  pulverize  them,  put  them  into  a  matrafs, 
and  pour  on  them  Spirit  of  Vinegar  to  the  depth  of  four 
fingers  breadth  :  an  effervefcence  will  arife :  when  that  is 
over,  fet  the  mixture  to  digeft  two  or  three  days  in  a  fand- 
bath  ;  then  decant  the  liquor,  filter  it,  and  evaporate  it  to 
drynefs  with  a  very  gentle  heat.  The  matter  which  remains 
is  called  Salt  of  Coral,  of  Pearls,  of  Crab <s- eye \r,  &c-  ac- 
cording to  the  fubftances  difTolved.  If,  inftead  of  evaporat- 
ing the  liquor,  a  Fixed  Alkali  be  mixed  therewith,  the  ab- 
forbent matter,  that  was  difTolved  by  the  Acid,  will  precipi- 
tate in  the  form  of  a  white  powder,  which  is  called  the  Ma~ 
giflery  of  Coral,  of  Pearls,  &c\ 

PRO- 
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PROCESS      IL 

The  Acid  of  Vinegar  combined  with  Copper.  Verdegris. 
Cryftals  of  Copper.  This  combination  decompounded.  Spi- 
rit of  Verdegris. 

TNTO  a  large  matrafs  put  Verdegris  in  powder.  Pour  on 
-*  it  diftilled  Vinegar  to  the  depth  of  four  fingers  breadth. 
Set  the  rnatrafs  in„a  moderate  fand-heat,  and  leave  the  whole 
in  digeftion,  fhaking  it  from  time  to  time.  The  Vinegar 
will  acquire  a  very  deep  blue-green  colour.  When  the  li- 
quor is  fufficiently  coloured,  pour  it  off  by  inclination.  Put 
fome  frem  Vinegar  into  the  matrafs  ;  digeft  as  before  ;  and 
decant  the  liquor  again  when  it  is  fufficiently  coloured.  Pro- 
ceed in  this  manner  till  the  Vinegar  will  extract  no  more 
colour.  There  will  remain  in  the  matrafs  a  confiderable 
quantity  of  undiffblved  matter.  The  Vinegar  thus  impreg- 
nated with  Verdegris  is  called  Tincture  of  Copper. 

Mix  thefe  feveral  Tinctures,  and  evaporate  them  with  a 
gentle  heat  to  a  pellicle.  Then  fet  the  liquor  in  a  cool 
place :  in  the  fpace  of  a  few  days  a  great  many  cryftals  of  a 
moft  beautifu:  green  colour  will  (hoot  therein,  and  flick  to 
the  fides  of  the  veffel.  Pour  off  the  liquor  from  the  cry- 
ftals ;  evaporate  it  again  to  a  pellicle,  and  fet  it  by  to  cry- 
ftallize.  Continue  thefe  evaporations  and  cryftallizations, 
till  no  more  cryftals  will  (hoot  in  the  liquor.  Thefe  are 
called  Cryftah  of  Copper^  and  are  ufed  in  painting.  To 
this  combination  of  the  Acid  of  Vinegar  with  Copper  the 
painters  and  dealers  have  given  the  title  of  Diftilled  Verdi- 
gris* 

OBSERVATIONS. 

Verdegris  is  prepared  at  Montpelier.  To  make  it  they 
take  very  clean  plates  of  Copper,  which  they  lay,  one  over 
another,  with  hufks  of  grapes  between,  and  after  a  certain 
time  take  them  out.  Their  furfaces  are  then  covered  all  over 
with  a  very  beautiful  green  cruft,  which  is  Verdegris.  This 
Verdegris  is  nothing  but  Copper  corroded  by  the  Acid  of 
Tartar,  analagous  to  the  Acid  of  Vinegar,  which  abounds 
in  the  Wines  of  Languedoc,  and  efpecially  in  the  rape, 
hufks,  and  ftones  of  grapes  that  have  a  very  auftere  tafte. 
Verdegris  is  a  fort  of  ruft  of  Copper ;  or  Copper  corroded 

and 
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and  opened  by  the  Acid  of  Wine,  but  not  yet  converted  in- 
tirely  into  a  Neutral  Salt :  for  it  is  not  foluble  in  water,  nor 
does  it  cryftallize.  This  arifes  from  its  not  being  united  with 
a  fufficient  quantity  of  Acid.  The  defign  of  the  operation 
here  defcribed  is  to  furnifli  the  Verdegris  with  the  quantity 
of  Acid  requifite  to  make  it  a  true  Metallic  Salt :  for  which 
purpofe  diftilled  Vinegar  is  very  fit. 

Cryftals  of  Copper  may  be  obtained,  without  employing 
Verdegris,  by  making  ufe  of  Copper  itfelf  diflblved  by  the 
Acid  of  Vinegar,  according  to  the  method  practifed  with  re- 
fpect  to  Lead,  as  fhall  be  fhewn  hereafter,  But  Verdegris  is 
generally  ufed,  becaufe  it  difiblves  fooneft ;  it  being  a  Cop- 
per already  half- diflblved  by  an  Acid  correfpondent  to  that  of 
Vinegar. 

Cryftals  of  Copper  are  decompounded  by  the  action  of  fire 
alone,  without  any  additament ;  becaufe  the  Acid  of  Vine- 
gar adheres  but  loofely  to  Copper.  In  order  to  decompound 
this  Salt  and  extract  its  Acid,  it  mult  be  put  into  a  retort, 
and  diftilled  in  a  reverbatory  furnace  with  degrees  of  fire. 
An  infipid  phlegm  rifes  firft,  which  is  the  water  retained  by 
the  Salt  in  cryftaliizing.  This  phlegm  is  fucceeded  by  an 
acid  liquor,  which  rifes  in  the  form  of  white  vapours  that 
fill  the  receiver.  Towards  the  end  of  the  diftillation  the  fire 
muft  be  violently  urged,  in  order  to  raife  the  ftrongeft  and 
moft  fixed  Acid.  At  laft  there  remains  in  the  retort  a  black 
matter,  which  is  nothing  but  Copper,  that  may  be  reduced 
by  melting  it  in  a  crucible  with  one  part  of  Salt-petre  and 
two  parts  of  Tartar.  A  fimilar  Acid,  but  more  oily,  and 
in  a  much  fmaller  quantity,  may  be  obtained  from  Verdegris 
by  diftillation. 

The  Acid,  which  in  this  diftillation  comes  over  after  the 
firft  phlegm,  is  an  exceeding  ftrong  and  concentrated  Vine- 
gar. It  is  known  by  the  title  of  Spirit  of  Verdegris.  Zwel- 
fer,  and  after  him  M.  le  Fevre  in  his  Chymiftry,  beftows  ex- 
traordinary praifes  on  this  Spirit;  pretending  that  it  will  pro- 
duce the  Salt  of  Coral,  and  others  of  the  fame  kind,  with- 
out lofing  any  of  its  virtue,  or  ceafing  to  be  acid;  fo  as  to 
remain  ftill  capable  of  performing  other  operations  of  the 
fame  nature.  But  Mr.  Boerhaave  and  Mr.  Lemeri  positively 
deny  the  fact ;  and  with  good  reafon,  having  formed  their 
judgments  on  their  own  experiments. 

Yet  I  can  hardly  think  both  Zwelfer  and  le  Fevre  would 
have  affirmed  a  thing  of  this  nature,  in  fuch  a  pofitive  and 
confident  manner,  if  they  had  been  convinced  in  their  minds 
that  it  was  falfe.     We  muft  fuppofe  that  thofe  Chymifts  exa- 
mined 
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mined  the  matter  with  too  little  attention,  and  were  milled 
by  fome  fallacious  appearance.  Probably  they  may  have 
compared  this  concentrated  Vinegar  with  common  diftiiied 
Vinegar ;  they  may  have  put  to  their  Coral  an  equal  dofe 
thereof;  and,  after  faturation,  they  may  have  diitilled  off 
the  fuperfluous  liquor,  which  may  have  effervefced  with  frefh 
Coral  and  diffolved  it.  Surprifed  at  this  effect,  they  may 
have  imagined  that  their  Acid  had  loft  none  of  its  ftrength, 
and  that  it  had  the  virtue  of  converting  into  Salt  any  quan- 
tity of  Coral,  or  fuch  other  matters,  without  any  prejudice 
to  its  Acidity.  A  rath  conclusion  :  which  certainly  they  ne- 
ver would  have  made,  if  they  had  carried  the  experiment  far 
enough  ;  if  they  had  diffolved  a  third  or  a  fourth  quantity  of 
Coral  in  their  Vinegar :  for  they  would  have  been  thereby 
convinced  that  the  Spirit  of  Verdegris,  like  all  other  acid 
Spirits,  depofites  and  leaves  its  Acid  in  abforbent  matters  ; 
and  that  if  the  liquor,  which  they  drew  off  by  diftiilation 
from  their  firft  Salt  of  Coral,  was  (till  acid,  and  capable  of 
diflblving  freih  Coral,  nothing  could  be  inferred  from  thence 
but  that  Spirit  of  Verdegris  is  an  exceedingly  concentrated  Vi- 
negar, which,  in  the  fame  quantify  of  liquor,  contains  much 
more  Acid  than  the  ftrongefi  diililled  Vinegar  prepared  in 
the  common  way,  that  therefore  a  much  fmaller  dofe  there- 
of is  required  to  convert  a  given  quantity  of  Coral  into  Salt; 
and  that  the  liquor,  which  they  diftiiied  from  their  firit  Salt, 
ftill  retained  fome  of  its  virtue,  only  becaufe  it  was  replete 
with  much  more  Acid  than  could  be  neutralized  by  the  Co- 
ral. But  a  love  of  the  marvellous  fo  prepoillffes  the  mind  of 
man,  that  it  often  hinders  him  from  perceiving  the  molt  ob- 
vious fa&s.  This  is  the  fault  of  all  the  ancient  Chy mills  in 
general :  and  I  believe  the  only  reafon  why  we  find  their 
books  fluffed  with  (o  many  unfucceeding  experiments  was, 
that  their  heated  imaginations  frequently  reprefented  things 
to  them  otherwife  than  they  really  were. 


PROCESS     III. 

The  Acid  of  Vinegar  combined -with  Lead.     Cervfe.     Salt;   or 
Sugar  of  Lead.     This  combination  d,  compounded. 

TNTO  the  glafs  head  of  a  cucurbit,  put  thin  plates  of  Lead, 
-"-  and  fecure  them  fo  that  they  may  not  fall  out  when  the 
head  is  put  upon  the  cucurbit.  Fit  on  this  head  to  a  wide- 
mouthed  cucurbit  containing    fome  Vinegar.     Set  it   in   a 

fand- 
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fand-bath;  lute  on  a  receiver,  and  diftil  with  a  gentle  heat 
for  ten  or  twelve  hours.  Then  take  off  the  head  :  in  it  you 
will  find  the  leaden  plates  covered,  and,  in  a  manner,  cruft- 
ed  over  with  a  white  matter.  This  being  bruftied  off  with  a 
hare's  foot  is  what  we  call  Cerufe.  The  Jeaden  plates  thus 
cleanfed  may  be  employed  again  for  the  fame  purpofe,  till 
they  be  wholly  converted  into  Cerufe  by  repeated  diftillations. 
During  the  operation  there  will  come  over  into  the  receiver 
a  liquor  fomewhat  turbid  and  whitifh.  This  is  a  diddled 
Vinegar  in  which  fome  Lead  is  diftblved. 

Reduce  a  quantity  of  Cerufe  into  powder;  put  it  into  a 
matrafs;  pour  on  it  twelve  or  fifteen  times  as  much  diftilled 
Vinegar-,  fet  the  matrafs  in  a  fand-bath ;  leave  the  matter  in 
digeftion  for  a  day,  Shaking  it  from  time  to  time :  then  de- 
cant your  liquor,  and  keep  it  apart.  Pour  freih  Vinegar  en 
what  is  left  in  the  matrafs,  and  digeft  as  before.  Proceed 
thus  till  you  have  diffolved  one  half,  or  two  thirds,  of  the 
Cerufe. 

Evaporate  to  a  pellicle  the  liquors  you  poured  off  from  the 
/Cerufe,  and  fet  them  in  a  cool  place.  Greyifh  cryftals  will 
(hoot  therein.  Decant  the  liquor  from  the  cryftals  ;  evapo- 
rate it  again  to  a  pellicle,  and  fet  it  by  to  cryftallize.  Pro- 
ceed thus  evaporating  and  cryftallizing,  as  long  as  any  cry- 
ftals will  fhoot.  DifTolve  your  cryftals  in  diftilled  Vinegar, 
and  evaporate  the  folution,  which  will  then  fhoot  into  whiter 
and  purer  cryftals.     This  is  the  Salt  or  Sugar  of  Lead. 

OBSERVATIONS. 

Lead  is  eafily  diffolved  by  the  Acid  of  Vinegar.  If  it 
be  barely  expofed  to  the  vapour  of  that  Acid,  its  furface  is 
corroded,  and  converted  into  a  kind  of  calx  or  white  ruft, 
much  ufed  in  painting,  and  known  by  the  name  of  Cervfe  or 
White  Lead.  But  this  preparation  of  Lead  is  not  combined 
with  a  fufficient  quantity  of  Acid  to  convert  it  into  a  Salt  : 
is  is  no  more  than  lead  divided  and  opened  by  the  Acid  of 
Vinegar ;  a  matter  which  is  to  Lead  what  Verdegris  is  to 
Copper.  And  therefore  if  you  defire  to  combine  Cerufe 
with  the  quantity  of  Acid  neceffary  to  convert  it  into  a  true 
Neutral  Salt,  you  muft  treat  it  in  the  fame  manner  as  we  did 
Verdegris,  in  order  to  procure  Cryftals  of  Copper ;  that  is, 
you  muft  diffolve  it  in  diftilled  Vinegar,  as  the  procefs  directs. 

The  Salt  of  Lead  is  not  very  white  when  it  firft  (hoots  ; 
and  for  this  reafon  it  is  diffolved  again  in  diftilled  Vinegar, 
and  crvftallized  a  fecond  time.     If  fait  of  Lead  be  reneated- 
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Jy  diflblved  in  diftilled  Vinegar,  and  the  liquor  evaporated, 
it  will  grow  thick  •,  hut  cannot  be  deficcated  without  great 
difficulty.  If  the  fame  operation  be  oftener  repeated,  this 
quality  will  be  thereby, more  and  more  increafed;  till  at  laft 
it  will  remain  on  the  fire  like  an  Oil,  or  melted  Wax  :  it 
coagulates  as  it  cools,  and  then  looks*  at  firft  fight,  like  a 
metallic  mafs,fomewhat  refembling  Silver.  This  matter  runs 
with  a  very  gentle  heat,  aim  oft  as  eafily  as  wax. 

'1  he  Salt  of  Lead  hath  a  faccharine  tafte,  which  hath  pro- 
cured it  the  name  alfo  of  Sugar  of  Lead.  For  this  reafon 
when  Wine  begins  toturn  four,  the  ready  way  to  cure  it  of 
that  difagreeabie  tafte  is,  to  fubftitute  a  fweet  one  which  is 
not  difagreeabie  to  the  tafte,  by  mixing  therewith  Cerufe, 
Litharge,  or  feme  fuch  preparation  of  Lead  :  for  the  Acid 
of  the  Wine  diifolves  the  Lead,,  and  therewith  forms  a  Su- 
gar of  Lead,  which  remains  mixed  with  the  Wine,  and  hath 
a  tafte  which,  joined  with  that  of  the  Wine,,  is  not  unplea- 
fant.  But,  as  Lead  is  one  of  the  moft  dangerous  poifons  we 
know,  this  method  ought  never  to  be  practifed  •,  and  who- 
ever employs  fuch  a  pernicious  drug  deferves  to  be  moft  fe- 
verely  punifhed.  Yet  fomething  very  like  this  happens 
every  day,  and  raaft  needs  have  very  bad  confequences; 
while  there  is  nobody  to  blame,  and  thole  to  whom  the  thing 
may  prove  fatal  can  have  no  miftruflrof  it. 

All  the  retailers  of  Wine  have  a  cuftom  of  filling  their 
bottles  on  a  counter  covered  with  Lead,  having  a  hole  in  the 
middle,  into  which  a  leaden  pipe  is  foldered.  The  Wine 
which  they  fpill  on  the  counter,  in  filling  the  bottles,  runs 
through  this  pipe  into  a  leaden  veflel  below.  In  that  it  u- 
iually  ftands  the  whole  day,  or  perhaps  feveral  days  ;  after 
which  it  is  taken  out  of  the  leaden  veflel,  and  mixed  with 
other  Wine,  or  put  into  the  bottle  of  fome  petty  cuftomer- 
'  But,  alas  for  the  man  to  whofe  lot  fuch  Wine  falls  !  He  mult 
feel  the  moft  fatal  effects  from  it  j  and  the  danger  to  which  he 
is  expofed  is  fo  much  the  greater,  the  longer  the  Wine  hath 
ilood  in  the  leaden  veflel,  and  thereby  acquired  more  of  a 
noxious  quality.  We  daily  fee  cruel  diftempers  among  the 
common  people,  occ&fioned  by  fuch  caufes,  which  are  not 
fufficiently  attended  to. 

Wine  that  is  not  kept  in  clofe  veflels  is  apt  to  turn  four 
very  foon,  efpecially  in  the  fummer;  and  the  retailers  of 
Wine  have  obferved  that  their  drippings,  thus  collected  in 
veflels  of  Lead,  are  not  liable  to  this  inconvenience.  This 
is  what  hath  eftablifhed  among  them  the  practice  I  am, 
fpeaking  againft.  As  they  fee.  only  the  good  effects  there- 
of 
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of,  and  know  nothing  of  its  ill  confequences,  we  cannot  be 
angry  with  them.  It  is  natural  to  think,  that,  as  Lead  hath 
the  property  of  keeping  Wine  cool,  it  may  by  that  means 
prevent  its  growing  four  for  fome  time;  and  perfons  who 
are  not  verfed  in  Cbymiftry  can  hardly  fufpe&  that  Wine 
is  preferved  from  being  pricked,  only  by  being  converted 
into  a  kind  of  poifon.  Yet  this  is  the  very  cafe  :  for  Lead 
•doth  not  hinder  the  Wine  from  growing  four ;  but,  uniting 
with  its  Acid,  as  foon  as  it  appears,  and  forming  therewith 
a  Sugar  of  Lead,  changes  the  tafle  thereof  as  hath  been  faid, 
and  hinders  the  Acid  from   affecting  the  palate. 

Hence  it  appears  how  much  it  were  to  be  wifhed  that  the 
ufe  of  thofe  counters  covered  with  Lead  were  abolilhed  en- 
tirely. I  am  informed,  by  a  Chymift  zealous  for  the  public 
good  *,  that  he  reprefented  this  matter  to  the  Magistrates 
feveral  years  ago.  It  is  not  to  be  doubted,  that,  when  the 
dealers  in  Wine  know  the  ill  confequences  attending  this 
practice,  they  will  with  pleafure  facrifke  the  fmall  benefit 
thev  receive  from  it  to  the  public  fafety. 

It  is  eafy  to  prove  whether  or  no  a  fufpe&ed  Wine  con- 
tains Lead.  You  need  only  pour  into  it  a  little  Oil  of 
Tartar  per  deliquium ;  or,  if  you  have  not  that  at  hand,  a 
lye  of  the  afhes  of  green  wood.  If  there  be  any  Lead  dif- 
folved  in  it,  the  liquor  will  immediately  grow  turbid,  and 
the  Lead  will  precipitate  in  the  form  of  a  white  powder  ; 
becaufe  the  Sugar  of  Lead  it  contains,  being  a  Neutral  Salt, 
whofe  bafis  is  a  metal,  is  decompounded  by  the  Fixed  Al- 
kali, which  feparates  that  metal  from  the  Acid.  Lead  thus 
feparated  from  the  Acid  of  Vinegar  by  an  Alkali  is  called 
Magiftery  of  Lead. 

Cerufe,  or  White  Lead,  is  alfo  a  very  dangerous  poifon. 
It  is  a  pigment  very  much  ufed,  being  the  only  White  that 
can  be  applied  with  Oil.  This  White  is  the  moft  common, 
or,  perhaps,  the  only  caufe  of  thofe  dreadful  colics  with 
which  painters,  and  all  that  work  in  colours,  are  frequently 
affii&ed.     This  induced  me  to  examine  all  the  fubftances 

*  Mr.  Rouelle,  whom  I  have  had  occafion  to  mention  feveral  times  in 
this  work  with  the  honour  which  he  deferves,  and  with  whom  I  wer-: 
through  a  courfe  of  Chymiftry,  when  I  was  a  Student  in  Medicine.  It 
muft  be  obferved,  to  the  praife  of  this  ingenious  Artift,  that  he  is  the  firft 
Frenchman  that  ever  gave  Courfes  of  Chymiftry.  In  thefe  he  explains 
the  operations  according  to  the  true  and  found  Theory  of  the  Science, 
drawn  from  the  writings  of  Beccher,  Stahl,  Junckcr,  Boyle,  Boerhaave, 
Hoffman,  and  many  other  excellent  Chymifts,  whom  it  would  be  tedious  to 
mention  here,  as  well  as  from  the  Memoirs  of  the  moft  celebrated  Acade- 
mies, particularly  thofe  of  the  Academy  of  Sciences  at  Paris. 
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capable  of  affording  a  White,  in  order  to  find  one,  if  pofli- 
ble,  which  might  be  fubftituted  for  White  Lead  :  but,  after 
a  vaft  number  of  experiments,  I  had  the  mortification  to  be 
convinced,  that  all  Whites,  even  the  brighter!:  and  molt 
beautiful,  which  are  not  metallic,  produce  nothing,  when 
ground  with  Oil,  but  greys,  or  dirty  yellows.  There  is  ftill 
fomething  to  be  hoped  for  in  Whites  obtainable  from  certain 
metallic  fubftances. :  but,  as  every  one  of  tbofe  matters  may 
be  fufpected  of  fome  noxious  quality,  long  experience  alone 
will  remove  our  j.uft  apprehenfions  of  danger  from  every 
thing  afforded  by  fuch  fubftances. 

To  return  to  the  Salt  of  Lead  :  it  may  be  decompounded 
by  diftillation  without  addittament.  In  order  to  perform 
this,  you  muft  put  the  Salt  of  Lead  into  a  glafs  or  ftone 
retort,  leaving  a  full  third  thereof  empty>  arid  diftil  in  a 
reverberating  furnace  with  degrees  of  fire.  A.  fpirit  rifes^ 
which  fills  the  receiver  with  clouds.  When  nothing  more 
will  come  over  with  a  fire  that  makes  the  retort  red-hot,  let 
the  veffels  cool,  and  then  unlute  them.  You  will  find  in 
the  receiver,  an  auftere  liquor,  which  is  inflammable,  or,  a£ 
kafi,  an  inflammable  Spirit  may  be  obtained  from  it,  if  a- 
bout  one  half  thereof  be  drawn  off  by  diftillation  in  a  glafs  a- 
lembic.  The  retort  in  which  the  Salt  of  Lead  was  decom- 
pounded contains  at  the  end  of  the  operation,  a  bkckifh  mat- 
ter :  this  is  Lead,  which  will  refunie  its  metallic  form  on 
being  melted  in  a  crucible  \ -becaufe  the  Acid  by  which  it 
was  diffolved,  and  from  which  it  hath  been,  feparated,  being 
of  a  very  oily  nature,  hath  left  in  it  a  fufficient  quantity  of 
pblogifton*. 

What  is  moft  remarkable  in  this  decompofition  of  Salt  o£ 
Lead  is  the  inflammable  Spirit  which  it  yields,  though  the 
"Vinegar  which  entered  into  the  compofition  of  the  Salt  fcein>= 
ed  to  contain  none  at  alL 
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CHAP.        VII. 

Of  the  Putrid  Fermentation  of  Vegetable  Sub- 

STANCES. 


PROCESS     I. 

The  Putrefaction  of  Vegetables. 

FILL  a  hogshead  with  green  plants,  and  tread  them  down 
a  little ;  or,  if  the  vegetables  be  dry  and  hard  fubftan- 
ces,  divide  them  into  minute  parts,  and  fteep  them  a  little 
in  water  to  moiften  them:  then  leave  them,  or  the  green 
plants,  in  the  veiTel,  uncovered  and  expofed  to  the  open  air. 
By  degrees  a  heat  will  arife  in  the  center  of  the  vefTel,  which 
will  continue  increafmg  daily,  at  laft  grow  very  ftrong,  and 
be  communicated  to  the  whole  mafs.  As  long  as  the  heat 
is  moderate,  the  plants  will  retain  their  natural  fmell  and 
tafte.  As  the  heat  increafes,  both  thefe  will  gradually  alter, 
and  at  laft  become  very  difagreeable,  much  like  thofe  of  pu- 
trid animal  fubftances.  The  plants  will  then  be  tender  as 
if  they  had  been  boiled ;  or  even  be  reduced  to  a  kind  of 
pap,  more  or  lefs  liquid  according  to  the  quantity  of  rnoif- 
ture  they  contained  before. 

OBSERVATIONS. 

>  Almost  all  vegetable  matters  are  fufceptible  of  putre- 
faction ;  but  fome  of  them  rot  fooner,  and  others  more  flow- 
ly.  As  putrefaction  is  only  a  fpecies  of  fermentation,  the 
effect  whereof  is  to  change  entirely  the  (late  of  the  Acid3 
by  combining  it  with  a  portion  of  the  earth  and  Oil  of  the 
mixt,  which  are  fo  attenuated  that  from  this  union  there 
refults  a  new  faline  fubftance  in  which  no  Acid  is  difcerni- 
ble;  which  on  the  contrary  hath  the  properties  of  an  Alka- 
li, but  rendered  Volatile ;  it  is  plain,  that,  the  nearer  the 
Acid  of  a  plant  fet  to  putrefy  is  to  this  flate,  the  fooner  will 
the  putrefaction  of  that  plant  be  completed.  Acccrdinghr 
all  plants  that  contain  a  Volatile  Alkali  ready  formed,  or 
from  which  it  can  be  obtained  by  diftillation,  arc  the  molt 
difpofed  to  putrefaction. 

Thole 
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Thofe  plants,  in  which  the  Acid  is  very  manifeft  and  fen- 
fible,  are  lefs  apt  to  putrefy  ;  becaufe  all  their  Acid  mud 
undergo  the  change  above  fpecified.  But  vegetable  matters, 
whofe  Acid  is  entangled  and  clogged  by  feveral  of  their  o- 
ther  principles,  mud  be  ftill  longer  elaborated,  before  they 
can  be  reduced  to  the  condition  into  which  complete  putre- 
faction brings  all  vegetables.  The  earthy  and  oily  parts, 
in  which  the  Acids  of  thefe  fubftances  are  fheathed,  muft  be 
attenuated  and  divided  by  a  previous  fermentation,  which, 
from  thofe  parts  fubtilized  and  united  with  the  Acid,  forms 
an  Ardent  Spirit,  wherein  the  Acid  is  more  perceptible 
than  in  the  almoft  infipid,  or  faccharine  juices,  out  of  which 
it  is  produced.  The  Acid  contained  in  the  Ardent  Spirit 
muft  be  ftill  further  difengaged,  before  it  can  enter  into  the 
combination  of  a  Volatile  Alkali  :  confequently  the  Ardent 
Spirit  muft  undergo  a  fort  of  decomposition ;  its  Acid  muft 
be  rendered  more  fenfible,  and  be  brought  to  the  fame  con- 
dition as  the  Acid  of  plants  in  which  it  manifefts  all  its 
properties. 

Hence  it  appears,  that  the  fpirituous  and  acetous  fermenta- 
tions are  only  preparatives,  which  nature  makes  ufe  of,  for 
bringing  certain  vegetable  matters  to  putrefaction.  Thefe 
fermentations  therefore  muft  be  confidered  as  advances  to- 
wards that  putrefaction,  in  which  they  terminate,  or  rather 
as  the  firft  ftages  of  putrefaction  itfelf.  This  is  the  opinion 
of  Mr.  Stahl,  who  hath  treated  this  fubject  with  great  faga- 
city,  and  thrown  much  light  upon  it. 

Mr.  Boerhaave  is  not  altogether  of  the  fame  mind.  He 
confiders  putrefaction  as  fomething  foreign  to  fermentation ; 
as  an  operation  independent  of  it,  and  very  different  from  it. 
He  gives  the  title  of  fermentation  to  that  inteftine  and  fpcn- 
taneous  motion  only  which  produces  an  Ardent  Spirit,  and 
changes  it  into  an  Acid.  He  founds  his  opinion  on  this, 
that  the  circumftances  attending  putrefaction  are  different 
from  thofe  which  accompany  fpirituous  and  acetous  fermenta- 
tion -9  that  the  product  of  putrefaction  is  very  different  from 
the  products  of  thefe  fermentations;  and  laftly,  that  all  ve- 
getable and  animal  fubftances  are  fufceptible  of  putrefaction, 
whereas  only  fome  kinds  of  them  are  capable  of  fermentation 
properly  fo  called. 

Mr.  Boerhaave  is  fo  far  right,  that  we  ought  not  to  con- 
found together  operations  which  differ  in  feveral  refpects, 
and  refult  in  different  productions ;  but  Mr.  Stahl's  opinion 
muft  neverthelefs  be  looked  on  as  highly  probable,  or  rather 
abfclutely  true.     For  it  doth  notneceffariiy  follow,  from  the 

difference 
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difference  between  the  circum  fiances  and  productions  of  fer- 
mentative motions,  that  the  operations  have  no  relation  to* 
or  connection  with,  each  other.  They  may  neverthelefs  be 
confidejed  as  different  fteps  of  one  and  the  fame  operation  : 
and  if  all  vegetable  and  animal  matters  are  not  fufceptible  of 
the  three  degrees  of  fermentation,  we  can  oniy  infer  from 
thence  that  there  are  mixts,  in  which  the  whole  work  of  fer- 
mentation is  yet  to  do ;  and  that  there  are  others  whofe  prin- 
ciples are  fo  difpofed  that  they  are  in  the  fame  condition  as  if* 
they  had  already  undergone  the  firft,  or  even  the  fecond,  de- 
gree of  fermentation ;  and  confequently  fuch  mixts  are  fuf- 
ceptible only  of  the  fecond,  or  perhaps  of  the  third,  degree 
of  fermentation. 

Mr.  Stahl  therefore  fays  very  judicioufly,  that,  far  from 
denying  putrefaction  to  be  a  fermentation,  we  ought  on  the 
contrary  to  confider  all  fermentation  as  no  other  than  putre- 
faction. Matters  fufceptible  of  the  fpirituous  and  acetous 
fermentation  do  but  pafs  through  thefe  previous  alterations  in 
their  way  to  complete  putrefaction.  On  this  principle,  Wine 
and  Vinegar  are  only  liquors  that  had  begun  to  putrefy,  but 
were  ftopt  at  the  firft  or  fecond  ftage  of  their  putrefaction. 
This  is  fo  true,  that,  if  a  fermenting  liquor  be  left  to  itfelf  in 
the  open  air,  and  in  a  due  degree  of  heat,  it  will  proceed  di- 
rectly, without  any  flop,  to  perfect  putrefaction. 

The  acetous  fermentation  is  attended  with  more  heat  than 
the  fpirituous,  and  the  putrid  with  (till  more  than  the  acetous. 
The  heat  of  putrefying  plants  is  fometimes  fo  conuderable, 
that,  when  they  are  not  too  moift,  and  are  ftacked  up  in 
great  heaps,  they  take  fire  and  burn  violently.  Of  this  there 
are  frequent  inftances  in  hay-ricks. 


PROCESS      II. 

Putrefied  Vegetable  Subftances  analyzed. 

PUT  the  putrefied  plants  you  mean  to  analyze  into  a  glafs 
cucurbit,  and  fet  it  in  a  fand-bath.  Fit  to  it  a  head  y 
lute  on  a  receiver;  diflil  with  a  gentle  fire,  and  a  limpid  fe- 
tid liquor  will  come  over.  Continue  the  diftillation  till  the 
matter  contained  in  the  retort  be  almcft  dry. 

Then  unlute  your  veffels,  and  keep  the  liquor  you  find  in 
the  receiver  by  itfelf.     Put  the  matter  remaining  m  the  cu- 
curbit into  a  retort,  and  diftil  with  a  graduated  heat.     There 
will  rife  white  vapours*  a  pretty  confiderable  quantity  of  li- 
quor 
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quor  nearly  like  that  of  the  former  diftillation ;  a  Volatile 
Sak  in  a  concrete  form  ;  and  a  black  oil,  which  towards  the 
end  will  be  very  thick.  In  the  retort  there  will  remain  a 
black  charred  matter,  which  being  burnt  in  the  open  air  will 
fall  into  ames,  from  which  no  Fixed  Alkali  can  be  extracted. 
By  means  of  a  funnel  feparate  your  oil  from  the  aqueous 
liquor.  Diftil  this  liquor  with  a  gentle  heat.  You  will  by 
this  means  obtain  a  Volatile  Salt  like  that  of  animals;  of 
which  you  may  alfo  get  fome,  by  the  fame  means,  from  the 
liquor  which  came  over  in  the  firft  diftillation. 

OBSERVATIONS. 

Thts  analyfis  (hews  the  changes  which  putrefaction  pro- 
duces in  vegetable  matters,  Scarce  any  of  their  principles 
are  now  to  be  difcerned.  They  now  yield  no  aromatic  li- 
quor; no  Effential  Oil;  no  Acid;  and  confequently  no  Ef- 
fential  Salt,  Ardent  Spirit,  or  Fixed  Alkali :  in  a  word* 
whatever  their  natures  were  before  putrefaction,  they  are  all 
alike  when  they  have  once  undergone  this  fermentative  mo- 
tion in  its  full  extent.  Nothing  can  then  be  obtained  from 
them  but  Phlegm,  a  Volatile  Alkali,  a  fetid  Oil,  and  an 
infipid  Earth. 

Almoft  all  thefe  changes  are  owing  to  the  tranfmutation  of* 
the  Acid,  which  is  depraved  by  putrefaction,  and  combined 
with  a  portion  of  the  Oil  and  fubtilized  Earth  of  the  mixt; 
fo  that  the  reiult  of  their  union  is  a  Volatile  Alkali.  Now, 
as  the  Fixed  Alkali,  found  in  the  afhes  of  unputrefied  plants, 
is  only  the  molt  fixed  part  of  their  earth  and  of  their  Acid, 
dofely  united  together  by  the  igneous  motion,  it  is  not  fur- 
prifing  that,  when  all  the  Acid,  with  a  part  of  the  earth,  is 
fubtilized  and  volatilized  by  putrefaction,  no  Fixed  Alkali 
can  be  found  in  the  allies  of  putrefied  Vegetables.  The  al- 
teration which  the  Acid  fufFers  by  the  putrefactive  motion  is, 
in  my  opinion,  the  greateft  it  can  undergo,  without  being 
entirely  destroyed  and  decompofed,  fo  as  to  be  no  longer  a 
Salt. 

We  have  feen  it,  in  the  Mineral  kingdom,  in  its  greateft 
purity  and  ftrength.  Its  combination  with  Oil,  and  the  o- 
ther  alterations  its  undergoes,  in  the  Vegetable  kingdom, 
have  (hewn  it  weakened  and  difguifed.  The  changes  it  fuf- 
fers  by  the  fpirituous  and  acetous  fermentation,  have  exhibit- 
ed it  in  other  forms.  And  laftly,  putrefaction  disfigures  it 
completely,  and,  in  fome  fort,  changes  its  very  nature,  fo 
that  i:  cannot  be  diftinguifhed.  In  the  animal  kingdom  we 
i  fr.d 
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find  it  nearly  in  the  fame  condition  :  for  though  the  Vege- 
table fubftances,  on  which  animals  feed,  do  not  undergo  di- 
rect putrefaction,  in  its  full  extent,  before  they  are  converted 
into  animal  juices,  yet  they  fuffer  moft  of  the  alterations 
produced  by  putrefaction  %  fo  that  when  they  ha-ve  acquired 
the  qualities  necefTary  to  their  becoming  an  actual  nutritious 
animal  juice,  they  are  within  one  ftep  of  complete  putrefac- 
tion. For  this  reafon  all  animal  fubftances  are  very  apt  to 
putrefy,  and  are  unfufceptible  of  the  firft  degrees  of  fermen- 
tation. But  this  difcuffion  belongs  to  the  animal  kingdom, 
of  which  we  are  now  going  to  treat  in  the  third  part  of  thefe 
Elements ;  the  theory  of  putrefaction  ferving  to  introduce  hf 
arid  naturally  leading  lis  to  it. 


*B  PART 
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PART         III. 

Of    OPERATIONS    on    ANIMAL 
SUBSTANCES. 


CHAP.      I. 

Of     M   I    L    K. 

PROCESS      I. 

Milk  feparated  int&  Buttery  Curdy  and  Whey :  injlanced  in 
Cow's  Milk. 

PUT  new  Cow's  milk  into  a  flat  earthen  pan,  and  fet  it 
in  a  temperate  heat.  In  ten  or  twelve  hours  time  there 
will  gather  on  its  furfaee  a  thick  matter,  of  a  fomewhat  yel- 
lowifh  white :  this  is  called  Cream.  Gently  ikim  off  this 
Cream  with  a  fpoon,  letting  the  milk  you  take  up  with  it 
run  off.  Put  all  this  Cream  into  another  \cffel,  and  keep  it. 
The  milk  thus  Ikimmed  wiH  not  be  quite  f©  thick  as  before  : 
nor  will  it  be  of  fuch  a  dead  white,  but  have  a  little  blueifh 
caft.  If  all  the  Cream  be  not  feparated  from  it,  more  will- 
gather  on  its  furfaee  after  fome  time,  which  mull  be  taken  off 
as  the  former.  In  two  or  three  days  the  Ikimmed  milk  will 
coagulate  into  a  foft  mafs  called  Curdy  and  then  it  taftes  and 
imells  four. 

Cut  this  Curd  aerofs  in  feveral  places.  It  will  immediate- 
ly difcharge  a  large  quantity  of  Serum.  Put  the  whole  into 
a  clean  linen  cloth ;  hang  it  up,  and  underneath  it  fet  a 
veifel  to  receive  the  Serum  as  it  drops.  When  the  aqueous 
part  hath  done  dripping,  there  will  remain  in  the  filter  a 
white  fubftance  fomewhat  harder  than  the  curdled  milk. 
This  fubftance  is  called  Checfcy  and  the  Serum  feparated 
from  it  is  known  by  the  name  of  Whey* 

QBSER- 
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OBSERVATIONS. 

The  milk  of  animals,  that  feed  only  on  vegetables,  is  of 
all  animal  matters  the  leaft  removed  from  the  vegetable  na- 
ture. The  truth  of  this  will  be  demonstrated  by  the  expe- 
riments we  (hall  produce  by  and  by,  for  the  further  ana- 
lyfis  of  milk.  For  this  reafon  we  judged,  with  Mr.  Boer- 
haave,  that  it  was  proper  to  begin  the  analyfis  of  animals  by 
examining  this  liquor. 

Moft  Chymifts  juftly  confider  Milk  as  of  the  fame  nature 
with  Chyle.  Indeed  there  is  great  reafon  to  think,  that,  ex- 
cept fome  fmall  differences  to  be  afterwards  taken  notice  of, 
thefe  two  matters  are  nearly  the  fame.  They  are  both  of 
a  dead  white  colour,  like  that  of  an  emulfion ;  which  proves 
that,  like  emulfions,  they  confift  of  an  oily  matter  divided, 
diffufed,  and  fufpended,  but  not  perfectly  difiblved,  in  an 
aqueous  lkjuor. 

It  is  not  furprifing  that  thefe  liquors  mould  referable  e- 
mulfions*,  for  they  are  produced  in  the  fame  manner,  and 
may  very  juftly  be  called  Animal  Emulfions.  For  how  are 
vegetable  fubftances  converted  into  Chyle  and  Milk  in  an 
animal  body?  They  are  bruifed,  divided,  and  triturated  by 
maftication  and  digeftion,  as  perfectly,  at  leaft,  as  the  mat- 
ters pounded  in  a  mortar  to  make  an  emulfion  ;  and  muft 
thereby  undergo  the  fame  changes  as  thofe  matters ;  that  is, 
their  oily  parts,  being  attenuated  by  thofe  motions,  muft  be 
mixed  with  and  lodged  between  the  aqueous  parts,  but  not 
diffolved  therein  ;  becaufe  they  do  not,  in  the  bodies  of  ani- 
mals, meet  with  faline  matters,  fufficiently  difentangled  and 
active,  to  unite  intimately  with  them,  and  by  that  means 
render  them  foluble  in  water. 

Neverthelefs  Chyle  and  Milk,  though  produced  in  the 
fame  manner  as  emulfions,  and  very  much  refembling  them, 
differ  greatly  from  them  in  fome  refpects ;  owing  chiefly  to 
the  time  they  remain  in  the  bodies  of  animals,  their  being 
heated  while  there,  the  elaborations  they  undergo  therein, 
and  the  animal  juices  commixed  with  them. 

New  Milk  hath  a  mild  agreeable  tafte,  without  any  faline 
pungency;  nor  hath  any  Chymieal  trial  difeovered  in  it  ei- 
ther an  Acid  or  an  Alkali.  Yet  it  is  certain  that  the  juices 
of  plants,  out  of  which  milk  is  formed,  contain  many  faline 
matters,  and  efpecially  Acids :  accordingly  Milk  alfo  con- 
tains the  fame j  but  the  Acids  are  fo  fheathed  and  com- 
bined, that  they  are  not  perceptible.     The  cafe  is  the  fame 

4  B  2  with 


564  ELEMENTS     of     the  Part  3. 

with  all  the  other  liquors  intended  to  conftitute  part  of  an, 
animal  body  :  there  is  no  perceptible  Acid  in  any  of  them. 

Hence  it  may  be  inferred  that  one  of  the  principal  changes 
which  vegetables  undergo,  in  order  to  their  being  convert- 
ed into  an  animal  fubftance,  confifts  in  this,  that  their  A- 
cids  are  combined,  entangled,  and  fheathed  in  fuch  a  man- 
ner  that  they  become  imperceptible,  and  exert  none  of  their 
properties. 

Milk  left  to  itfelf,  without  the  "help  of  diftillation,  or  any 
additament  whatever,  undergoes  a  fort  of  decompofition.  It 
runs  into  a  kind  of  fpontaneous  analyfis ;  which  doth  not 
indeed  reduce  it  to  its  fir  ft  principles,  yet  feparates  it  into 
three  diftincT:  fubftances,  as  the  procefs  {hews ;  namely,  into 
Cream,  or  the  buttery  fat  part,  into  Curd  or  Cheefe,  and  in- 
to Serum  or  Whey  :  which  (hews  that  thofe  three  fubftances 
of  which  Milk  confifts5  are  only  mixed  and  blended  together, 
but  not  intimately  united. 

The  fijft  parts,,  being  the  lighted,  rife  gradually  to  the 
furface  of  the  liquor  as  they  feparate  from  the  reft  :  and  this 
forms  the  Cream. 

Cream,  as  hummed  from  the  furface  of  Milk,  is  not  how- 
ever the  pure  buttery  or  fat  part;  it  is  (till  mixed  with  many- 
particles  of  Cheefe  and  Whey,  which  muft  be  feparated  in 
order  to  reduce  it  into  Butter.  The  moft  fimple,  and  at 
the  fame  time  the  beft  method  of  effecting  this,  is  daily 
practifed  by  the  country  people.  It  confifts  in  beating  or 
churning  the  Cream,  in  a  vefTel  contrived  for  that  purpofe, 
with  the  flat  fide  of  a  circular  piece  of  wood,  in  the  center 
of  which  a  ftaff  is  fixed.  One  would  think  that  the  mo- 
tion, impreffed  on  the  Cream  by  this  inftrument,  fhould  ra- 
ther ferve  to  blend  more  intimately  the  particles  of  Butter, 
Cheefe,  and  Whey,  of  which  it  confifts,  than  to  feparate 
them  from  each  other;  as  this  motion  feems  perfectly  adapt- 
ed to  divide  and  attenuate  thofe  particles.  But,  if  we  con- 
fider  what  paflcs  on  this  occafion,  we  mail  foon  perceive  that 
the  motion  by  which  Butter  is  churned  is  nothing  like  tri- 
ture  :  for  churning  is  no  other,  properly  fpeaking,  than 
a  continually  repeated  compreflion,  the  effect  whereof  is 
to  fqueeze  out  from  amongft  the  buttery  particles  thofe  of 
Cheefe  and  Whey  mixed  therewith ;  by  which  means  the 
particles  of  Butter  are  brought  into  contact  with  each  other, 
imite,  and  adhere  together. 

Milk,  whether  fkimmed  or  no,  grows  four  of  itfelf,  and 
curdles  in  a  few  days.  When  it  is  newly  curdled,  the  Cheefe 
and  Whey  feem  to  be  united,  and  to  make  buc  one  mafs  : 
'•      '•  but 
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but  thefe  two  matters  feparate  fpontaneoufly  from  each  other, 
with  the  greater!  eafe,  and  in  a  very  fhort  time. 

The  acidity,  which  Milk  naturally  contracts  in  the  fpace 
pf  a  few  days,  muft  be  confidered  as  the  er7e£f.  of  a  fer- 
menting motion,  which  difcovers  in  that  liquor  an  Acid 
that  was  not  perceptible  before.  This,  properly  fpeaking,  is 
an  acetous  fermentation,  which  Milk  pafles  through  in  its 
way  to  putrefaction ;  and  it  foon  follows,  especially  if  the 
Milk  be  expofed  to  a  hot  air. 

If,  inftead  of  leaving  Milk  to  grow  four  and  curdle  of  it- 
felf,  an  Acid  be  mixed  therewith,  while  it  is  yet  fweet  and 
newly  milked,  it  immediately  coagulates  ;  which  gives  rea- 
fon  to  think,  that  its  curdling  naturally  is  the  efFeel:  of 
the  Acid,  which  difcovers  itfelf  therein  as  it  grows  (tale. 

The  coagulation  of  Milk  may  alfo  be  confiderably  acce- 
lerated, by  fetting  it  in  a  fand-bath  gently  heated ;  or  by 
mixing  therewith  a  little  of  what,  in  the  language  of  the 
Dairy,  is  called  Runnet ;  which  is  nothing  but  fome  curdled 
and  half-digefted  Milk  taken  from  the  itomach  of  a  Calf: 
or  both  thefe  methods  may  be  employed  at  once,  which  will 
produce  the  efFeel:  ftill  more  expeditioufly. 

It  is  not  difficult  to  find  out  the  caufe  of  thefe  effects. 
The  punnet,  which  is  Milk  already  curdled  and  grown  four, 
is  an  actual  ferment  to  fweet  Milk,  difpofmg  it  to  turn  four, 
much  more  readily  :  for  though  Milk,  when  thus  haftiiy 
curdled  by  the  Runnet,  hath  not  a  manifeftly  acid  tafie,  yet 
it  is  certain  that  this  Acid  begins  to  exert  itfelf.  The  proof  - 
thereof  is,  that,  being  expofed  to  the  iame  degree  of  heat 
with  Milk  equally  new,  that  is  not  mixed  with  this  fer- 
ment, it  turns  four  much  fooner.  As  to  the  eiFedt  of  heat 
in  coagulating  Milk,  there  is  nothing  extraordinary  in  it ; 
we  know  how  much  it  promotes  and  accelerates  all  fermen- 
tative motion.  The  whole  of  this  perfectly  agrees  with  what 
we  faid  before  concerning  fermentation. 

Fixed  Alkalis  alfo  coagulate  Milk  ;  but  at  the  fame  time 
they  feparate  the  Whey  from  the  Cheefe,  which  floats  on 
the  liquor  in  clots.  They  give  the  Milk  a  ruiTet-colour  in- 
clining to  red ;  which  may  arife  from  their  attacking  the  far 
part. 

The  feparation  of  Milk  into  Butter,  Cheefe,  and  Whey, 
is  a  kind  of  imperfeel:  analyfis  thereof,  or  rather  the  begin- 
ning of  one.  In  order  to  render  it  complete,  we  rfttxft  exa- 
mine each  of  thefe  fubftances  feparately,  and  find  the  prin- 
ciples of  which  they  confifi.  This  we  (hall  endeavour  to  do 
in  the  following  procefs. 

PRO- 
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PROCESS     II. 

Butter  analyzed  by  Diftillation. 

TNTO  a  glafs  retort  put  the  quantity  of  frefh  Butter  you 
***  intend  to  diftil.  Set  the  retort  in  a  reverberatory  ;  apply 
a  receiver,  and  let  your  fire  be  very  gentle  at  firft.  The 
Butter  will  melt,  and  there  will  come  over  fome  drops  of 
clear  water,  which  will  have  the  peculiar  fmell  of  frefh  But- 
ter, and  (hew  fome  tokens  of  Acidity.  If  the  fire  be  in- 
ereafed  a  little,  the  Butter  will  feem  to  boil  :  a  froth  will 
gather  on  its  furface,  and  the  phlegm,  Mill  continuing  to 
run,  will  gradually  come  to  fmell  juft  like  Butter  clarefied 
in  order  to  be  preserved.  Its  Acidity  will  be  ftronger  and 
more  manifeft  than  that  of  the  firft  drops  that  came  over. 

Soon  after  this,  by  increafing  the  fire  a  little  more,  there 
vt'iW  rife  an  Oil,  having  nearly  the  fame  degree  of  fluidity 
as  fat  Oils  ;  but  it  will  grow  thicker  as  the  diftillation  ad- 
vances, and  at  laft  will  fix  in  the  receiver  when  it  cools.  It 
will  be  accompanied  with  fome  drops  of  liquor,  the  Acidi- 
ty whereof  will  always  increafe,  while  its  quantity  decreafes, 
as  the  diftillation  advances. 

While  this  thick  Oil  is  diftilling,  the  Butter  contained  in  the 
retort,  which  at  firft  feemed  to  boil,  will  be  calm  and  fmooth, 
without  the  leaft  appearance  of  ebullition  ;  though  the  heat 
be  then  much  greater  than  when  it  boiled.  Continue  the 
diftillation,  conftantly  increafing  the  fire  by  degrees  as  you 
find  it  neceffary  for  the  elevation  of  the  thick  Oil.  This 
Oil,  or  rather  this  kind  of  Butter,  will  be  at  laft  of  a  ruiTet- 
colour.  There  will  rife  along  with  it  fome  white  vapours 
exceeding  (harp  and  pungent. 

Yv'hen  you  obferve  that  nothing  more  comes  over,  though 
the  retort  be  quite  red-hot,  let  the  veiTels  cool,  and  unlute 
them.  You  will  find  in  the  receiver  an  aqueous  acid  liquor, 
a  fluid  Oil,  and  a  kind  of-  fixed  brown  Butter.  Break  the 
retort,  and  you  will  find  therein  a  charred  matter ;  the  fur- 
face  of  which,  where  it  touched  the  glafs,  will  be  of  a  fam- 
ing black,  and  have  a  fine  poliih. 

OBSERVATIONS. 

The  analyfis  of  Butter  proves  that  this  fubftance,  which 
is  an  oily  matter  in  a  concrete  form,  owes  its  confidence  to 
the  Acid  only,  with  which   the  oily  part  is   combined  :  that 

is. 
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is,  it  follows  the  general  rule  frequently  mentioned  above 
in  treating  of  other  oily  compounds;  the  confidence  whereof 
we  mewed  to  be  fo  much  the  firmer,  the  more  Acid  they 
contain.  The  firft  portions  of  Oil  that  come  over  in  the  di- 
ftillation of  Butter  are  fluid,  becaufe  a  pretty  confiderable 
quantity  of  Acid  rofe  before  them,  which  being  mixed  wit!*, 
the  phlegm  gives  it  the  Acidity  we  took  notice  of. 

This  Oil,  being  freed  from  its  Acid,  and  by  that  means 
rendered  fluid,  rifes  fird;  becaufe  it  is  by  the  fame  means 
rendered  lighter.  The  kind  of  Butter  that  comes  over  after* 
wards,  though  it  be  fixed,  is  neverthelefs  far  from  having 
the  fame  confidence  as  it  had  before  diftillation ;  becaufe  ic 
lofes  much  of  its  Acid  in  the  operation.  This  Acid  is  what 
rifes  in  the  form  of  white  vapours.  Thefe  vapours  are,  ,at 
leaft,  as  pungent  and  irritating  as  the  Sulphureous  Acid  or 
Volatile  Alkalis:  but  their  fmell  is  different:  it  hath  a  re- 
femblance,  or  rather  is  the  fame,  with  that  which  rifes  from 
Butter,  when  it  is  burnt  and  browned  in  an  open  veflTel.  But9 
when  concentrated  and  collected  in  clofe  veflels,  as  in  the 
diftillation  of  Butter,  they  are  vaflly  ftronger :  they  irritate 
the  throat  fo  as  to  inflame  it ;  they  are  exceeding  (harp  and 
pungent  to  the  fmell,  and  are  fo  hurtful  to  the  eyes  that  they 
quickly  inflame  them,  as  in  an  ophthalmy,  and  make  them 
ftied  abundance  of  tears.  The  great  volatility  of  this  Acid 
is  entirely  owing  to  a  portion  of  the  phlogifton  of  the  But- 
ter with  which  it  is  dill  combined. 

It  may  be  afked  why  Butter,  or  the  oily  part  of  Milk  which 
hath  the  confidence  of  a  fixed  Oil,  is  more  replete  with  ais 
Acid  than  the  Oils  of  the  vegetables  whereof  the  Milk  was 
formed;  as  thefe  Oils  are  almoft  all  fluid,  which  indicates 
their  containing  lefs  Acid  before  than  after  they  were  digeft- 
ed  in  the  body  of  an  animal.  This  mull  appear  the  more 
extraordinary,  becaufe  the  Acid  contained  in  the  liquors  of 
animals  is  fneathed  and  imperceptible,  and  confequently  in- 
capable of  combining  with  the  Oils  of  vegetables  fo  as  to 
give  them  this  confidence. 

I  think  it  will  be  eafy  to  give  a  fatisfa&ory  anfwer  to  this 
queftion,  if  it  be  confidered,  that  the  Oils,  which  exift  in  the 
vegetable  juices  whereof  the  Milk  is  formed,  are  far  from  be- 
ing combined  with  the  whole  Acid  of  thofe  vegetables  ;  be- 
caufe there  is  hardly  a  plant  that  doth  not  yield  a  great  deal 
of  Acid,  even  without  the  help  of  fire.  Now,  there  is  rea- 
fon  to  think,  that  one  of  the  principal  effects  of  digellion  is, 
to  combine  and  unite  this  Acid,  with  the  oily  parts  of  vege- 
tables, more  intimately  than  it  was  before. 
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The  further  we  advance  in  the  analyfis  of  animals,  the 
more  we  fhall  be  convinced,  that,  in  the  different  elabora- 
tions, which  vegetable  fubftances  undergo  in  order  to  their 
being  changed  into  the  nutritious  juices  of  animals,  nature 
employs  all  her  powers  to  expel,  deftroy,  or  at  leaft,  weak- 
en and  blunt  the  Acids,  fo  as  to  render  them  abfolutely  im- 
perceptible. One  of  the  belt  means  by  which  (he  can  effecl: 
this,  is  the  combining  and  uniting  them  intimately  with  the 
oily  parts :  and  this  operation  (he  probably  begins  in  dige- 
ilion.  She  gets  rid  of  moft  part  of  the  Acids  contained  in 
the  aliments*  by  thus  uniting  them  with  the  Oils  contained 
in  thofe  aliments.  Hence  arifes  the  confiftence  of  Butter, 
which  is  the  fat  part  of  Milk,  that  is,  of  a  liquor  half-chang- 
<M  into  an  animal  juice. 

This  explication  furnifhes  us  alfo  with  the  reafort  why  A- 
cids  agree  fo  ill  with  people  of  weak  and  delicate  confti- 
tutions.  The  motion  and  heat  in  their  bodies  is  not  fuffi- 
cient  to  effecl:  a  due  combination  of  the  Acids  with  the  Oils. 
Hence  it  comes  to  pafs,  that,  during  and  after  digeftion, 
they  find  in  tjieir  bowels  the  bad  effects  of  thofe  Acids,  in 
the  diforder  commonly  called  the  Heart -burn.  Hence  alfo 
it  is  that  fuch  people  receive  great  benefit  from  the  ufe  of 
Abforbents,  which  uniting  with  the  Acids  neutralize  them, 
and  relieve  nature  when  fhe  has  not  ftrength  enough  herfelf 
to  get  the  better  of  them. 

To  return  to  our  analyfis- of  Butter  :  we  took  notice  in  the 
procefs  that  Butter  feems  to  boil  with  a  very  moderate  heat  at 
the  beginning  of  the  didillation,  and  that  in  the  courfe  of 
the  operation  the  ebullition  ceafes  entirely,  though  the  heat 
be  then  greatly  increafed ;  which  is  contrary  to  the  genera! 
rule.  The  reafon  is,  that  butter,  though  a  feemingly  homo- 
geneous mafs,  contains  neverthelefs  fome  particles  of  Cheefe 
and  Whey.  The  particles  of  Whey,  being  much  the  light- 
eft,  endeavour,  on  the  firft  application  of  heat,  to  extricate 
themfelves  from  amongft  the  particles  of  Butter,  and  to  rife 
in  diftillation.  Thus  they  form  the  drops  of  acidulated 
phlegm  which  come  over  at  firft,  and,  in  ftruggling  to  ger 
free,  lift  up  the  buttery  parts,  or  actually  boil,  which  occafi- 
ons  the  ebullition  obiervable  at  the  beginning  of  the  procefs, 
"When  they  are  once  feparated,  the  melted  Butter  remains 
calm  and  fmooth  without  boiling.  If  you  want  to  make  it 
boil  you  muft  apply  a  much  greater  degree  of  heat ;  which 
you  cannot  do  in  clofe  vefiels,  without  fpoiling  the  whole 
operation  :  becaufe  the  degree  of  heat  neceflary  for  that  pur- 
pofe  would  force  up  the  Butter  in  fubftance,  which  would 
1  rufti 
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r.ufh  over  into  the  receiver,  without  any  decompofition.  In- 
deed if  the  veffels  were  luted  they  would  be  in  danger  of 
burfting. 

As  to  the  cafeotis  parts,  which  are  mixed  with  frefh  But- 
ter, they  alfo  feparate  at  the  beginning  of  the  diftillation, 
when  the  Butter  is  melted,  and  gather  oft  its  furface  in  a 
fcum.  Thefe  particles  of  Cheefe  and  Whey,  which  are  he- 
terogeneous to  Butter,  help  to  make  it  fpoil  the  fooner.  And 
for  this  reafon  thofe  who  want  to  keep  Butter  a  long  time, 
without  the  ufe  of  fait,  melt  it,  and  thereby  evaporate  the 
aqueous  parts.  The  lighted:  portion  of  the  particles  of  Cheefe 
rifes  to  the  furface,  and  is  fkimmed  offj  the  reft  remains  at 
the  bottom  of  the  veffcl,  from  which  the  Butter  is  eafily  fe- 
parated,  by  decanting  it  while  it  is  yet  fluid. 

Butter  may  alfo  be  diftilled,  by  incorporating  it  with  fome 
additamerit  which  will  yield  no  principle  itfelf,  nor  retain  any 
of  thofe  of  the  Butter.  I  have  di  frilled  it  in  this  manner 
with  the  additament  of  fine  fand:  the  operation  fucceeds 
Very  well,  is  fooner  finifhed,  and  more  eafily  conducted :  but 
I  chofe  to  defcribe  here  the  manner  of  doing  it  without  ad- 
ditamerit*, becaufe  the  feveral  changes,  which  the  Butter  un- 
dergoes in  the  retort  during  the  operation,  may  be  better  ob- 
ferved. 

If  you  defire  to  convert  the  Butter  wholly  into  Oil,  you 
muft  take  the  fixed  matter  you  find  in  the  receiver,  and  di- 
llil  it  once  more,  or  bftener,  according  to  the  degree  of 
•fluidity  you  want  to  give  it.  The  cafe  is  the  fame  with  this 
matter  gs  with  all  other  thick  Oils,  which,  the  ofcener  they 
are  diiiilled,  grow  always  the  more  fluid,  becaufe  in  every  di- 
ftillation  they  are  feparated  from  part  of  the  Acid,  to  which 
aldrie  they  owe  their  confidence. 


PROCESS    III. 

Tfo  Curd  of  Milk  analyzed  by  dijlillation. 

TNTd  a  glafs  retort  put  fome  new  Curd,  having  firfl  drain- 
**•  ed  it  thoroughly  of  all  its  Whey,  and  even  fqueezed  it  in; 
a  linen  cloth  to  exprefs  all  its  moifture  Diflil  it  as  you  did 
Butter  There  will  come  over  at  firfl  an  aciduJated  phlegm, 
fmelling  like  Cheefe  or  Whey.  As  the  diltillation  advances, 
the  Acidity  of  this  phlegm  will  increafe. 

When  it  begins  to  run   but   very  flowly  raife  your  fire. 
There  will  come  over  a  yellow  Oil,  fomewhat  empyreuma* 
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tic.  Continue  the  diftillation,  flill  increafing  the  fire  by  de- 
grees as  occafion  requires.  The  Oil  and  acid  Phlegm  will 
continue  to  rife  ;  the  Phlegm  growing  gradually  more  acid, 
and  the  Oil  deeper  coloured,  and  more  empyreumatic.  At 
laft,  when  the  retort  is  almoft  red-hot,  there  comes  off  a 
fecond  black  Oil,  of  the  confidence  of  Turpentine,  very 
empyreumatic,  and  fo  heavy  as  to  fink  in  water.  In  the 
retort  will  be  left  a  confiderable  quantity  of  charred  matter. 

OBSERVATIONS. 

Cheese-curd  barely  drained,  till  no  more  Whey  will 
drip  from  it,  is  not  entirely  freed  thereof;  and  for  this  rea- 
fon  we  directed  it  to  be  prefled  in  a  linen  cloth,  before  it 
be  put  into  the  retort  to  be  diftilled.  Without  this  precau- 
tion, the  remaining  Whey  would  rife  in  a  confiderable  quan- 
tity on  the  firft  application  of  heat ;  and,  inftead  of  analyz- 
ing the  Curd  only,  we  mould  at  the  fame  time  analyze  the 
Whey  alfo.  This  is  to  be  undcrftood  of  green  Curd  and 
new-made  Cheefe ;  for,  if  it  be  fuffered  to  grow  old,  it  will 
at  length  dry  of  itfelf :  but  then  we  mould  not  obtain  from 
It  the  fame  principles  by  diftillation ;  as  it  corrupts  and  be- 
gins to  grow  putrid  after  fome  time,  efpecially  if  it  be  not 
mixed  with  fome  feafoning  to  preferve  it. 

The  firft  Phlegm  that  rifes  in  this  diftillation,  as  in  that 
of  Butter,  is  a  portion  of  the  Whey  that  was  left  in  the 
Cheefe,  notwithstanding  its  being  well  prefled.  This 
Phlegm  grows  gradually  more  acid,  being  the  vehicle  of  the 
Acids  of  the  Cheefe,  which  are  forced  Up  along  with  it  by 
the  fire. 

The  Acid  obtained  from  this  matter  is  lefs  in  quantity, 
and  weaker,  than  that  of  Butter:  and  accordingly  the  Oil 
diftilled  from  Cheefe  is  not  fixed  like  that  of  Butter.  Yet  k 
is  remarkable  that  the  laft  empyreumatic  Oil,  which  is  as 
thick  as  Turpentine,  is  heavier  than  water :  a  property  which 
it  probably  derives  from  the  quantity  of  Acid  it  retains. 

The  quantity  of  charred  matter,  which  remains  in  the 
retort  after  the  diftillation  of  Cheefe,  is  much  greater  than 
that  left  by  Butter ;  which  proves  that  the  former  contains  a 
much  greater  quantity  of  earth.  Thefe  coals  are  exceeding 
difficult  to  burn  and  reduce  to  afhes.  I  have  kept  them  red- 
hot,  in  the  open  air,  and  in  a  very  ftrong  fire,  about  fix 
hours,  continually  ftirring  them,  in  order  to  bring  the  under 
parts  to  the  furface,  that  they  might  be  burnt,  yet  I  could 
not  confumc  them  entirely.  They  even  deflagrated  after- 
ward? 


Chap.  i.     PRACTICE  of   CHYMISTRT.     57i 

wards  with  Nitre,  as  if  they  had  not  been  burnt  at  all;  and 
yet,  during  the  whole  time  of  their  calcination,  there  ap- 
peared conftantly  a  fmall  flame,  like  that  of  charcoal,  on  the 
iurface  of  the  matter. 


PROCESS     IV. 

Whey  analyzed. 

EVAPORATE  two  or  three  quarts  of  Whey  aimed  to 
drynefs  in  a  balneum  marie?  ;  and  diftil  the  extract,  or 
refiduum,  in  a  retort  fet  in  a  reverberating  furnace,  with 
degrees  of  fire,  according  to  the  general  rule.  At  firft  fome 
Phlegm  will  come  over  •,  then  a  lemon-coloured  acid  Spirit ; 
and  afterwards  a  pretty  thick  Oil.  There  will  remain  in 
the  retort  a  charred  matter,  which  being  expofed  to  the  air 
grows  moift.  Lixiviate  it  with  rain  water,  and  evaporate 
the  lixivium  :  it  will  yield  you  cryftals  of  Sea-falt.  Dry  the 
charred  matter,  and  burn  it  in  the  open  air  with  a  ftrong  fire, 
till  it  be  reduced  into  afhes.  A  lixivium  of  thefe  allies  will 
fhew  fome  tokens  of  a  Fixed  Alkali. 

OBSERVATIONS. 

Milk,  as  was  faid  before,  feparates  naturally  and  fpon- 
taneoufly  into  three  forts  of  fubftances,  the  analyfes  whereof 
being  put  together  make  a  complete  analyfis  of  this  animal 
liquor.  I  know  no  Author  that  hath  delivered  the  analyfes 
of  Butter  and  Cheefe  ;  fo  that  the  proceffes  here  given  for 
analyzing  thefe  two  fubftances  are  taken  from  the  experi- 
ments I  thought  proper  to  make,  in  order  to  obtain  the  ne- 
ceflary  lights  in  this  matter.  As  for  the  analyfis  of  Whey, 
it  is  taken  from  one  of  Mr.  Geoffroy's  Memoirs,  containing 
experiments  on  feveral  animal  fubftances,  which  was  pub- 
Hflied  in  1732.  It  is  there  fo  particularly  and  fo  well  de= 
fcribed,  that  it  was  needlefs  for  me  to  attempt  it  anew. 

It  will  appear,  on  examining  the  three  analyfes  of  the  fub- 
ftances whereof  Milk  confifts,  that  none  of  them  yields  a 
Volatile  Alkali :  which  I  think  very  worthy  of  notice ;  as 
it  is,  I  believe,  the  only  animal  matter  from  which  fuch  a 
Salt  cannot  be  obtained.  It  is  true,  the  milk  of  animals 
tht  feed  on  vegetables  may  be  confidered  as  an  intermediate 
liquor  between  vegetable  and  animal  fubftances;  as  an  im- 
perfect animal  juice,  which  ftill  retains  much  of  the  veger 

4  C  2  table 


572  ELEMENTS    of     ths  Part.  3. 

table  nature  :  and  we  actually  find  that  Milk  almoff.  always 
hath,  at  leaft  in  part,  the  properties  of  thcfe  plants  with 
which  the  animals  that  yield  it  are  fed.  Yet,  as  it  cannot  be 
formed  in  the  body  of  the  animal,  without  mining  with  fe- 
veral  of  its  juices  that  are  entirely  perfected,  and  become 
purely  animal,  it  muff  appear  flrange  that  the  analyfis  there- 
of fhould  not  afford  the  leafi  veftige  of  that  principle,  which 
all  other  animal  matters  yield  in  the  greateft  plenty. 

I  imagine  the  reafon  of  this  may  be  found  in  the  ufe  to 
which  Milk  is  deflined.  It  is  intended  for  the  nourifhment 
of  animals  of  the  fame  fpecies  with  thofe  in  whofe  bodies  it 
is  produced.  Confcquently  it  ought  as  much  as  ppflible  to 
refemble  the  juices  of  the  fopd  which  is  proper  for  thofe  a- 
tiimals.  Now,  as  animals  that  live  only  on  vegetables  could 
r,ot  be  properly  nourifhed  by  animal  matters,  for  which  na- 
ture itfelf  hath  even  given  them  an  averfion,  it  is  not  fur- 
prifing  that  the  Milk  of  fuel}  animals  fhould  be  free  from 
any  mixture  of  fuch  things  as  are  unsuitable  to  the  young 
ones  whom  it  is  defigned  to  npurifh  There  is  reafon  there- 
lore  to  ^hink  that  nature  hath  difppfed  the  organs,  in  which 
the  fecretion  of  Milk  is  performed,  fo  as  to  feparate  it  en- 
tirely from  all  the  animal  juices  firft  mixed  with  it :  an4 
this  I  take  to  be  the  principal  difference  between  Milk  and 
Chyle ;  the,  latter  being  neceffarily  blended  with  the  faliva3 
the  gaflric  and  pancreatic  juices,  the  bile  and  lymph,  of  the 
animals  in  which  it  is  formed.  Hence  it  may  be  conclud- 
ed, that,  if  a  quantity  of  Chyle  could  be  collected  fufficient 
to  enable  us  to  analyze  hv  the  analylis  thereof  would  differ 
from  that  of  Ivlilk,  in  this  chiefly  that  it  would  yield  a  great 
deal  of  Volatile  Alkali,  of  which  Milk,  as  hath  been  faid, 
yields  none  at  all. 

The  fame  thing  probably  takes  place  in  carnivorous  ani- 
mals. It  is  certain  that  thofe  animals  chufe  to  eat  the  flelh 
of  fuch  others  only  as  feed  upon  vegetables ;  and  that  no- 
thing but  extreme  hunger,  and  the  abfolute  want  of  more 
agreeable  food,  will  force  them  to  eat  the  fiefh  of  other  car- 
nivorous animals.  Wolves,  which  greedily  devour  fbeep, 
goats,  &c.  feidom  eat  Foxes,  Cats,  Polecats,  &c.  though 
thefe  animals  are  not  ftrong  enough  to  refifl  them.  Poxes, 
Cats,  and  Birds  of  prey,  that  make  fuch  terrible  havock  a- 
mong  wild  fowl,  and  ether  forts  of  game,  do  not  devour 
one  another.  This  being  laid  down,  there  is  reafon  to  think 
that  the  Milk  of  carnivorous  animals  is  fomething  of  the  na- 
ture of  the  flefh  of  thofe  animais  that  teed  on  vegetables, 
and  which  they  chufe  to  eat,  and  not  of  the  nature  of  their 
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own  fled? ;  as  the  Milk  of  animals  that  feed  on  vegetables  is 
analagous  to  the  juice  of  vegetables,  and  when  analyzed 
yields  no  Volatile  Alkali,  though  every  other  part  of  their 
body  does. 

But  whatever  be  the  nature  of  Milk,  and  of  whatever  in- 
gredients it  be  formed,  it  always  contains  the  three  feveral 
fubftanpes  above-mentioned;  namely,  the  fat,  or  Buttery 
part,  properly  fo  called,  the  Cheefy,  and  the  Serous  part, 
the  laft  of  which  we  are  now  examining.  It  is,  properly 
fpeaking,  the  Phlegm  of  the  Milk,  and  confifts  almoft  en- 
tirely of  water.  For  this  reafon  it  is  proper  to  lefTen  the 
quantity  thereof  confiderably  by  evaporation,  fo  that  its  other 
principles,  being  concentrated  and  brought  nearer  together, 
inay  become  much  more  fenfible.  There  is  no  danger  of 
lofing  any  efTential  part  of  the  Whey  in  the  evaporation,  if 
it  be  performed  in  the  balneum  marine,  with  fuch  a  gentle 
heat  as  may  carry  off  the  aqueous  parts  only  :  this  greatly 
fhortens  the  analyfis,  which  will  prove  exceeding  long  and 
tedious,  if  all  the  water  be  diftilled  off  in  clofe  vefTels. 

As  Whey  is  chiefly  the  aqueous  part  of  Milk,  as  faid 
above,  it  muft  contain  all  the  principles  thereof  that  are  fo- 
Juble  in  water  ;  that  is,  its  faline  and  faponaceous  parts. 
And  accordingly  the  analyfis  thereof  mews  that  it  contains 
an  Oil,  rendered  perfectly  faponaceous  by  an  Acid  ;  that  is, 
made  perfectly  mifcible  with  water.  This  quality  of  the  Oil 
contained  in  Whey  appears  from  the  perfect  tranfparency  of 
that  liquor,  which  we  know  is  the  mark  of  a  complete  dif- 
fqlutiori.  In  the  diftillation  of  Whey,  the  faponaceous  mat- 
ter contained  therein  is  decompofed  ;  the  faline  part  rifca 
firft,  as  being  the  lighter!  -,  this  is  the  Acid  taken  notice  of 
in  the  procefs ;  after  which  the  Oil,  now  feparated  from  the 
principle  which  rendered  it  mifcible  with  water,  comes  over 
in  its  natural  form,  and  doth  not  afterwards  mix  with  the 
aqueous  part. 

Befides  the  faponaceous  matter,  Whey  contains  alio  ano- 
ther faline  fubftance;  namely,  Sea-Salt :  this  is  obtained  by 
lixiviating  the  caput  mortuum  left  in  the  retort,  which,  be- 
caufe  of  its  fixednefs,  cannot  rife  with  the  other  principles  in 
diftillation.  "To  this  Salt  it  is  owing  that  what  remains  in 
the  retort  after  diftillation  grows  moift  in  the  air  $  for  we 
know  that  Sea-falt  thoroughly  dried  hath  this  property. 

The  fixed  Alkaline  .bait,  obtained  from  the  caput  mortzimn 
burnt  to  afhes,  proves  that  Milk  ftill  retains  fomething  of  the 
vegetable  nature :  for  the  following  analyfis  will  mew  us  that 
matters  purely  animal  yield  none  at  all. 

CHAP, 
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CHAP.       II. 

Of  the  Substances  which  compofe  an  Animal  Body. 

PROCESS      I. 

Blood  analyzed.     Injlanced  in   Bullock's  Blood. 

IN  a  balneum  marine  evaporate  all  the  moifture  of  the 
Blood  that  the  heat  of  boiling  water  will  carry  off.  There 
will  remain  an  almoft  dry  matter.  Put  this  dried  Blood  in- 
to a  glafs  retort,  and  diftil  with  degrees  of  heat,  till  nothing 
more  will  come  over,  even  when  the  retort  is  quite  red-hot, 
and  ready  to  melt.  A  brownifli  phlegm  will  rife  at  firft  : 
this  will  foon  be  impregnated  with  a  little  Volatile  Alkali, 
and  then  will  come  over  a  yellow  Oil,  a  very  pungent  Vo- 
latile Spirit,  a  volatile  Salt  in  a  concrete  form,  which  will 
adhere  to  the  fides  of  the  receiver ;  and,  at  laft,  a  black  Oil, 
as  thick  as  pitch.  There  will  be  left  in  the  retort  a  charred 
matter,  which  being  burnt  yields  no  Fixed  Alkali. 

OBSERVATIONS. 

Blood,  which  is  carried  by  the  circulation  into  all  the 
parts  of  the  animal  body,  and  furnifhes  the  matter  of  all  the 
fecre'dons,  muft  be  confidered  as  a  liquor  confifting  of  al- 
moft all  the  fluids  necefiary  to  the  animal  machine:  fo  that 
the  analyfis  thereof  is  a  fort  of  general,  though  imperfect, 
analyfis  of  an  animal. 

Blood  drawn  from  the  body  of  an  animal,  and  fet  by  in  a 
veffel,  coagulates  as  it  grows  cold  ;  and  fometime  afterwards 
the  coagulum  difcharges  a  yellowifh  Serum  or  lymph ;  and  in 
the  midft  thereof  fvvims  the  red  part,  which  continues  cur- 
dled. Thefe  two  fubftances,  when  analyzed,  yield  nearly 
the  fame  principles;  and  in  that  refpeel:  feenVHo  differ  but 
little  from  each  other.  Though  the  Serum  of  Blood  be  na- 
turally in  a  fluid  form,  yet  it  hath  alfo  a  great  tendency  to 
coagulate,  and  a  certain  degree  of  heat  applied  to  it,  either 
by  water,  or  by  a  naked  fire,  will  curdle  it.  Spirit  of  Wine 
mixed  with  this  liquor  produces  on  it  the  fame  effect  as 
{ieat. 

Blood, 
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Blood,  while  circulating  in  the  body  of  a  healthy  animal, 
and  when  newly  taken  from  it,  hath  a  mild  tafte,  which  dif- 
covers  nothing  like  either  an  Acid  or  an  Alkali;  nor  doth  it 
fhew  any  fign  of  either  the  one  or  the  other  in  Chymical 
trials.  When  tafted  with  attention  it  betrays  fomething  like 
a  favour  of  Sea-falt;  becaufe  it  actually  contains  a  little 
thereof,  which  is  found  in  the  charred  matter  left  in  the  re« 
tort  after  diftillation,  when  carefully  examined. 

We  (hewed  that  Milk  alfo  contains  a  little  of  this  Salt.  It 
enters  the  bodies  of  animals  with  the  food  they  eat,  which 
contains  more  or  lefs  thereof  according  to  ks  nature.  It 
plainly  fuffers  no  alteration  by  undergoing  the  digeftions, 
and  paffing  through  the  ftrainers,  of  the  animal  body.  The 
cafe  is  the  fame  with  the  other  Neutral  Salts  which  have  a 
Fixed  Alkali  for  their  bails :  we  find  them  unchanged  in  the 
juices  of  animals  into  whofe  bodies  they  have  been  introdu- 
ced. They  are  incapable  of  combining,  as  Acids  do,  with 
the  oily  parts ;  and  lb  are  diflblved  by  the  aqueous  fluids,  of 
which  nature  makes  ufe  to  free  herfelf  from  thofe  Salts,  and 
difcharge  them  out  of  the  body;  as  (hall  be  fhewn  when  we 
come  to  fpeak  of  Urine  and  Sweat. 

Blood,  like  all  other  animal  matters,  is,  properly  fpeak- 
ing,  fufceptible  of  no  fermentation  but  that  of  putrefaction. 
Yet  it  turns  fomewhat  four  before  it  putrefies.  This  fmali 
degree  of  acetous  fermentation  is  mod  fenfible  in  flefh ;  and 
efpecially  in  the  flefh  of  young  animals,  fuch  as  calves,  lambs, 
chickens,  &c. 

The  quantity  of  pure  water,  which  Blood,  in  its  natural 
ftate,  contains,  is  very  confiderable,  and  makes  almoft  {even 
eighths  thereof.  If  it  be  diftilled,  without  being  firft  dried, 
the  operation  will  be  much  longer  ;  becaufe  it  will  be  necef- 
fary  to  draw  off  all  this  infipid  phlegm  with  a  gentle  fire. 
There  is  no  reafon  to  apprehend  that,  by  drying  Blood  in 
open  vefiels  as  directed,  any  of  its  other  principles  will  be 
carried  off  with  its  Phlegm:  for  it  contains  no  other  fub- 
flance  that  is  volatile  enough  to  rife  with  the  warmth  of  a 
balneum  maria.  This  may  be  proved  by  putting  fome  un- 
dried  Blood  into  a  glafs  cucurbit,  fitting  thereto  a  head  and 
receiver,  and  difliliing,  in  a  balneum  maricsy  all  that  the 
heat  of  the  bath,  not  exceeding  the  heat  of  boiling  water, 
will  raife:  for,  when  nothing  more  will  come  over,  you  will 
find  in  the  receiver  an  infipid  phlegm  only,  fcarce  differing 
from  pure  water,  except  in  having  a  faint  imell  like  that  of 
Blood;  wherein  it  refembles  all  the  phlegms  that  rife  firft  in 
diftillation,  which   always  retain  fomething  of  the  fmejj  of 
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the  matters  from  which  they  were  drawn.  That  part  of  the 
Blood,  which  remains  in  the  cucurbit  after  this  firft  diftilla- 
tion,  being  put  into  a  retort,  and  diftilled  with  a  ftronger 
fire,  yields  exactly  the  fame  principles,  and  in  the  fame  pro- 
portion, as  Blood  dried  in  open  veifels  in  the  balneum  ntdria: : 
fo  that,  if  this  Phlegm  of  Blood  contain  any  principles,  thf 
quantity  thereof  is  fo  fmall  as  to  be  fcarce  perceptible. 

The  Volatile  Alkali  that  riles  with  the  Oil,  when  Blood  is 
diftilled  in  a  retort  with  a  degree  of  heat  greater  than  that  of 
boiling  water,  is  either  the  production  of  the  fire,  or  arifes 
from  the  decomposition  of  an  Ammoniacal  Salt,  of  which  it 
made  a  part.  For  we  fhall  fee,  when  we  come  to  treat  of 
this  faline  fubftances  that  it  is  {o  extremely  volatile  as  to  ex- 
ceed, in  that  refpect,  almoft  all  other  bodies  that  we  know  ; 
and  therefore  if  this  Volatile  Alkali  pre-exifted  formally  in 
the  Blood,  uncombined  with  any  other  matter  capable,  id 
fome  meafure*  of  fixing  it,  it  would  rife  at  firft  almoft  fpon- 
taneoufiy,  or  at  lead,  on  the  firft  application  of  the  gentleft 
heat.  We  have  an  inftance  of  this  in  Blood,  or  any  other 
animal  matter,  that  is  perfectly  putrefied  ;  which  contain- 
ing a  Volatile  Alkali,  either  formed  or  extricated  by  pu- 
trefaction, lets  go  this  principle  when  diftilled,  even  before 
the  firft  phlegm  :  and,  for  this  reafon,  when  putrefied  Blood 
is  to  be  analyzed,  it  muft  by  no  means  be  dried,  like  frefh 
Blood,  before  diftillation  ;  for  all  the  Volatile  Alkali  would 
by  that  means  be  diffipated  and  loft  at  once. 

The  Volatile  Alkali  obtained  from  Blood  that  hath  not 
undergone  putrefaction,  affords  matter  of  fome  fpeculation. 
Indeed  the  feparation  of  this  Salt  from  Blood  requires  a  de- 
gree of  heat,  vaftly  greater  than  that  which  is  necefiary  to 
make  it  rife,  when  it  is  perfectly  formed  and  difcntangled  : 
and  this  gives  room  to  think  that  it  is  the  refult  of  a  com- 
bination formed  by  the  fire,  during  the  diftillation.  But 
then  this  fame  degree  of  heat  neither  feparates  nor  forms 
any  Volatile  Alkali  in  a  great  number  of  plants,  or  in  milk/ 
as  hath  been  ftievvn.  Yet  it  cannot  be  fuppofed  that  the 
blood  of  animals,  which  feed  only  on  thofe  plants  or  on 
milk,  is  any  other  than  thefe  very  matters  digefted  and  ren- 
dered perfectly  animal  fubftances  :  whence  it  muft  be  con- 
cluded, that,  when  vegetable  fubftances  are  converted  into 
animal  fubftances,  they  undergo  fuch  alterations  as  render 
them  capable  of  yielding,  when  analyzed,  a  principle  that 
was  not  difcoverable  in  them  before.  Now  we  know  that 
this  fame  principle,  that  is,  the  Volatile  Alkali,  is  the  pro- 
duct of  putrefaction,  or,  which  is  the  fame  thing,  of  the 
1  lift 
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laft  degree  of  fermentation :  and  this,  I  think,  makes  the 
opinion  of  thofe  more  than  probable,  who  believe  that  tritu- 
ration and  mechanical  motion  are  not  the  only  caufes,  that 
effect  the  converfion  of  food  into  an  animal  juice,  but  that 
fermentation  hath  a  great  (hare  in  this  change.  It  is  true, 
we  do  not  find,  in  animal  matters,  any  manifeft  token  of  an 
Ardent  Spirit,  an  Acid,  or  a  Volatile  Alkali-,  nor,  confe- 
quently,  any  fubftance  that  is  an  evident  production  of  any 
of  the  three  different  degrees  of  fermentation :  and  yet,  as 
fubftances  perfectly  animalized  are  exactly  in  the  fame  ftate 
with  vegetables  that  have  undergone  the  firft,  and  even  the 
fecond,  degree  of  fermentation,  fo  that  they  are  fufceptible 
of  putrefaction  only;  (or,  at  lead,  if  they  fhew  at  firft  fome 
faint  tokens  of  acidity,  they  run  immediately  and  rapidly  in- 
to complete  putrefaction) ;  it  is  neverthelefs  probable,  that  ve- 
getable matters,  in  order  to  their  becoming  animal  fubftances, 
undergo  certain  changes  and  alterations,  which  have  fome 
refemblance  with  thofe  produced  by  fermentation. 

This  opinion  is  further  confirmed  by  two  other  analogies^ 
between  animal  matters,  and  vegetables  advanced  to  the  laft 
ftage  of  fermentation ;  which  is,  that  they  yield  neither  an 
Effential  Oil  nor  a  Fixed  Alkali :  for  the  coal,  that  remains 
in  the  retort  after  the  diftillation  of  Blood,  being  burnt  in  an 
open  fire,  difcovers  no  Fixed  Alkali  in  its  afhes* 

The  want  of  a  Fixed  Alkali  in  animal  matters  arifes  from 
hence,  that  their  Acid  is  nearly  in  the  fame  ftate  with  the 
Acid  of  vegetable  matters  which  have  undergone  putrefac- 
tion -,  that  is,  it  is  fo  fubtilized  and  attenuated,  as  to  be  fit 
to  enter  into  the  combination  of  a  Volatile  Alkali,  and  is  no 
longer  fo  intimately  united  with  the  fixed  earth  as  to  produce 
therewith  a  Fixed  Alkali  in  the  fire. 

Though  Blood  and  other  animal  matters  afford  no  Fixed 
Alkali,  but,  on  the  contrary,  yield  much  Volatile  Alkali* 
it  doth  not  therefore  follow  that  all  the  Acid,  which  thofe 
fubftances  contained  before  they  were  analyzed,  is  employed 
in  the  production  of  a  Volatile  Alkali.  We  fhall  hereafter 
take  notice  of  an  animal  matter  which  contains  a  great  deal 
of  Acid :  and,  not  to  depart  from  our  prefent  fubjecl:,  it  doth 
not  appear  to  me  to  be  a  fettled  point  among  Chymifts,  whe- 
ther or  no  Blood,  when  analyzed,  yields  a  portion  manifest- 
ly acid,  and  poffeffing  all  the  properties  of  an  Acid. 

Mr.  Boerhaave,  with  fome  other  Chymifts,  makes  no 
mention  of  any  Acid  in  his  analyfis  of  Blood.  Mr.  Rom- 
berg, on  the  contrary,  fays  *  exprefly,  that  he  conftantly  ob-* 
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talned  an  Acid  from  the  Blood  and  flefh  of  different  forts  of 
animals,  of  which  he  analyzed  a  great  number.  Mr.  Boer- 
haave's  authority  is  very  refpectable,  and  of  great  weight: 
on  Che  other  hand,  Mr.  Homberg's  experiments  are  very 
conclufive,  feem  to  be  made  with  great  care,  and  are  all  af- 
firmative. This  apparent  diverfity  in  the  fame  analyfis,  de- 
livered by  thefe  two  great  men,  determined  me  to  analyze 
Blood  myfelf,  and  to  examine  fcrupuloufly  all  the  principles 
I  could  obtain  from  it. 

I  therefore  diftilled  fome  Bullock's  Blood  in  a  retort  with 
degrees  of  fire.  Some  Phlegm  came  over  firft,  and  then  a 
Volatile  Spirit.  I  changed  my  receiver ;  and  on  increafing 
the  fire  there  arofe,  with  the  Volatile  Spirit,  a  yellow  Oil,  a 
Volatile  Salt  in  a  concrete  form,  a  rufTet  liquor  which  fmel- 
led  ftrong  of  Volatile  Alkali,  and  feemed  at  firft  to  be  only 
a  Spirit  impregnated  with  much  of  that  Salt:  at  lafb  came  a 
very  thick  fetid  Oil. 

In  this  brown  liquor,  which  comes  off"  towards  the  end  of 
the  diftillation,  Mr.  Homberg  affirms  the  Acid  to  be  con- 
tained: but,  as  it  certainly  is  replete  with  a  Volatile  Alkali 
alfo,  he  alledges  that  it  contains,  at  the  fame  time,  both  a 
Volatile  Alkali  and  the  animal  Acid ;  that  thefe  two  Salts 
lire  diftinct  from  each  other,  and  not  combined  together  in 
the  form  of  an  x^mmonical  Salt;  that  each  of  confequence 
poffefTes  its  peculiar  properties  ;  and  that  this  liquor  is  at  the 
lame  time  both  Acid  and  Alkaline;  that  it  efFervefces  with 
Acids,  and  alfo  changes  the  blue  colours  of  plants  to  red. 

The  Alkalline  quality  of  this  liquor  is  very  evident,  and 
difcovers  itfelf  in  every  Chymical  trial;  but  the  fame  cannot 
be  faid  of  its  Acid  property.  I  dropped  fome  of  it  on  blue 
paper,  the  colour  of  which  did  not  at  firft  change  in  the  leaft, 
nor  acquire  the  fainteft  fhade  of  rednefs.  This  experiment 
almoft  determined  me  to  conclude  that  Mr.  Homberg  was 
roiftaken  :  but  fome  time  afterwards  I  perceived  that  the  blue 
paper  began  to  turn  red  where  it  had  been  wetted,. and  that 
the  red  colour  grew  deeper  and  deeper  as  the  paper  dried  : 
and  this  convinced  me,  that  this  liquor  actually  contains  an 
Acid,  as  Mr.  Homberg  afferted ;  but,  that  the  Volatile  Al- 
kali in  this  liquor,  being  much  more  copious  than  the  Acid,, 
had  firfl  entered  the  paper,  and  hindered  the  Acid  from  turn- 
ing it  red  as  ufual ;  and  that,  as  the  Alkali  evaporated,  the. 
Acid  began  to  acl,  and  produce  the  cuftomary  effect.  Hence 
we  fee  that  the  Acid  of  Blood,  though  extricated  by  diftillation, 
is  not  eafily  perceived  at  firft,  becaufe  of  the  great  propor- 
tion of  Volatile  Alkali,  with   which  the  liquor  containing  it 
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is  impregnated.  This  is  probably  what  prevented  its  being 
discovered  by  feveral  Chymifls,  who,  it  feems,  did  not  ful- 
pecl;  its  existence,  and  therefore  did  not  look  for  it. 

Mr.  Horn  berg  takes  no  notice  of  this  little  difficulty  in  his 
Memoir:  but  he  relates  an  experiment  which  might  have 
given  occafion  to  fufpeel:  it.  It  is  in  his  analyfis  of  Human 
Blood.  As  the  Acid  in  Human  Blood  is  in  lefs  quantity, 
and  lefs  perceptible,  than  in  the  Blood  of  animals  that  live 
wholly  on  vegetables,  he  directs  a  fecond  diftillation  of  the 
brown  liquor,  which  contains  at  once  both  the  Volatile  Al- 
kali and  the  Acid,  till  very  little  thereof  be  left  in  the  retort. 
This  rejiduum,  fays  he,  contains  a  very  perceptible  and  dijlinfl 
Acid.  There  is  reafon  to  believe,  from  Mr.  Homberg's  di- 
recting the  faline  liquor  to  be  diftilled  again,  that  he  did  not 
find  the  Acid  fufficiently  perceptible  in  it  at  firft.  Now  a 
fecond  diftillation  is  a  very  good  way  to  render  it  much  more 
fenfible.  For  though  this  animal  Acid  be  volatile,  the  Vola- 
tile Alkali  is  ftill  vaftly  more  fo  •,  and  therefore  if  the  liquor 
containing  both  thefe  faline  fubftances  be  diftilled,  the  Vola- 
tile Alkali  muft  needs  rife  firft,  and  leave  tbe  Acid  alone, 
or  almoft  alone,  at  the  bottom  of  the  retort.  This  is  exactly 
the  cale  in  our  experiment  on  blue  paper  ;  the  operation  be- 
ing here  performed  with  a  fmall  quantity,  and  much  more 
expeditiously,  as  appears  from  our  account  of  it. 

It  is  not  at  all  furprifing  that  the  Volatile  Alkali  and  ani- 
mal Acid,  though  confounded  in  the  fame  liquor,  fhould 
not  be  united  together  and  converted  into  a  Neutral  Ammo- 
niacal  Salt.  Mr.  Ho-m-berg  pretends  that  thefe  two  faline 
matters  do  not  a£t.  upon  each  other,  becaufe  they  are  too  much 
dephlegmated.  The  oily  parts,  with  which  they  are  both 
loaded,  may  alfo  contribute  thereto  :  nor  is  this  unprecedent- 
ed ;  the  fame  thing  being  obferved  of  the  Acid  and  the  Vo- 
latile Alkali  of  feveral  vegetable  fubftances. 

Mr.  Romberg,,  juftly  fufpe£ting  that  there  might  be  fome 
difference  between  the  condition  of  the  Acid  in  the  Blood  of 
animals  that  feed  altogether  on  vegetables,  and  that  in  the 
blood  of  thofe  that  feed  only  on  flefh,  examined  iikewife,  by 
decomposition,  the  Blood  and  the  fiefh  of  fome  carnivorous 
animals.  In  thefe  alfo  he  found  an  Acid;  and  it  doth  not 
appear  that  he  obferved  any  great  difference,  in  this  refpecT:, 
between  their  Blood  and  that  of  other  animals.  The  differ- 
ence he  found  between  the  Blood  of  young,  and  that  of  grown, 
or  old,  animals,  with  refpett  to  the  Acid,  feems,  by  his  ac- 
count, to  be  more  considerable;  the  Blood  of  the  former 
containing  much   more  of  it  than   that  of  the  latter':    and 
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this  is  fo  much  the  more  probable,  as  we  know  that  the  flefh 
of  young  animals  grows  four,  before  it  putrefies,  more  fenfi- 
bly  than  that  of  old  ones. 

We  (hall  conclude  this  head  with  a  remark  concerning  the 
management  required  in  diftilling  Blood.  When  the  opera- 
tion is  advanced  to  a  certain  point,  the  matter  contained  in 
the  retort  often  fwells  fo  as  to  flop  the  neck  of  that  vefTel 
entirely,  and  by  that  means  makes  it  burft  with  an  explo- 
fion.  To  avoid  this  inconvenience,  a  very  fmall  quantity  of 
Blood  mufl  be  put  into  the  retort,  and  the  fire  mud  be  go- 
verned very  warily.  I  have  alfo  found  that  this  accident  may 
generally  be  prevented  by  mixing  the  Blood  with  fome  mat- 
ter that  can  afford  no  principle  by  diftillation  j  fuch  as  pound- 
ed glafs  or  fine  fand;. 


PROCESS      II. 

Flejh  analyzed,      bijlanced  in  Beef. 

INTO  an  alembic  or  retort,  placed  in  a  fand-bath,  put 
fome  lean  Beef,  from  which  you  have  carefully  feparat- 
ed  all  the  fat.  Diftil  till  nothing  more  will  rife.  In  this 
firft  diftillation  a  phlegm  will  come  over,  weighing  at  leaft 
half  the  mafs  of  the  diftilled  flefh.  In  the  retort  you  will 
find  a  matter  almoft  dry,  which  you  muft  afterwards  diftil, 
with  a  naked  fire,  in  a  reverberating  furnace,  taking  the 
ufual  precautions.  There  will  come  over  at  firft  a  little 
phlegm  replete  with  Volatile  Alkali  ;  then  a  Volatile  Alkali 
in  a  dry  form,  which  will  ftick  to  the  fides  of  the  veffel  -9 
and  alfo  a  thick  Oil.  After  the  diftillation  there  will  be  left 
in  the  retort  a  black,  fhining,  light  coal.  Burn  it  to  afhes 
in  the  open  air,  and  lixiviate  thofe  afhes  :  the  water  of  the 
lixivium  will  have  no  Alkaline  property,  but  will  fhew  fome 
tokens  of  its  containing  a  little  Sea-falt. 

OBSERVATIONS. 

This  analyfis  of  Beef  is  taken  from  a  Memoir  given  in 
by  Mr.  Geoffroy  in  173©,  the  purpofe  of  which  was  a  Chy- 
mical  examination  of  the  meat  commonly  ufed  to  make 
broth.  The  flefh  of  an  animal,  as  appears  from  the  procefs, 
yields  much  the  fame  principles  with  its  Blood  :  and  it  can- 
not be  otherwife ;  becaufe  it  is  formed  all  together  of  mate- 
rials furnifhed  by  the  Blood* 
'  ;"  /'*'  Mr. 
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Mr.  GeotTroy  obferves,  that  the  firif.  phlegm,  drawn  off 
from  it  in  the  balneum  maria,  produces  a  white  precipitate 
in  a  folution  of  Corrofive  Sublimate;  which  mews  it  to  con- 
tain a  little  Volatile  Alkali :  but  the  quantity  thereof  muft 
be  very  fmall ;  feeing  the  phlegm  that  contains  it  fmells 
only  like  broth,  and  not  like  a  Volatile  Alkali ;  one  particle 
of  which,  we  know,  is  capable  of  affe&ing  the  organ  of 
fmelling  very  feniibly.  As  to  the  Acid  of  flefh,  there  is 
great  reafon  to  believe  that  it  is  conditioned  exactly  like  that 
of  Blood. 

The  afhes  of  the  caput  mortmim  of  flefh,  burnt  in  an  open 
fire,  attract  the  moifture  of  the  air,  as  Mr.  Geoffioy  re- 
marks, and  increafe  in  weight,  though  they  contain  no  Fix- 
ed Alkali.  However,  this  is  not  at  all  furprifing ;  fince 
they  contain  fome  Sea-falt,  the  known  property  whereof  is 
to  grow  moift.  in  the  air. 

The  flefh  of  animals  contains  much  matter  that  is  foluble 
in  water.  Mr.  GeofFroy  examined  feparately  that  part  of 
flefh  which  water  is  capable  of  diflolving.  With  this  view 
he  boiled  four  ounces  of  beef  with  three  pints  of  water,  in 
a  very  clofe  vefTel,  and  repeated  the  operation  fix  times  with 
equal  quantities  of  frefh  water  ;  in  order  to  extract,  as  far  as 
poffible,  all  the  juices  of  the  meat.  Thefe  broths  he  put 
all  together,  the  laft  of  them  having  but  a  faint  fmell  of  very 
weak  veal  broth  :  he  evaporated  them  over  a  flow  fire,  fil- 
tering them  towards  the  end  of  the  evaporation,  to  feparate 
an  earthy  part ;  and  there  remained  in  the  vefTel  a  moderate- 
ly folid  extra£fc,  which  foon  grew  moift  in  the  air.  This  ex- 
tract, being  analyzed,  yielded  a  dram  and  two  grains  of  Vo- 
latile Salt,  which  adhered  to  the  fides  of  the  receiver ;  not 
in  ramifications,  as  Volatile  Salts  ufually  do,  but  in  flat 
cryftals,  moftly  in  the  form  of  parallelepipeds.  The  Spirit 
and  the  Oil,  which  came  over  together  after  the  Volatile 
Salt,  weighed  thirty- eight  grains.  Salt  of  Tartar  being 
mixed  with  this  Volatile  Salt  feemed  to  increafe  its  flrength ; 
which  gives  room  to  fufpec?t  that  the  latter  contains  an  Am- 
rnoniacal  Salt. 

The  charred  matter  left  in  the  retort  weighed  but  fix 
grains.  Its  lixivium  gave  fome  tokens  of  Sea-falt,  by  mak- 
ing a  white  precipitate  in  a  folution  of  quick-Giver.  The 
mafs  of  flefhy  fibres,  that  was  exhaufied  by  boiling,  being 
dried  and  analyzed  in  the  fame  manner,  yielded  a  Volatile 
Spirit,  a  Volatile  Salt  in  a  concrete  form,  which  fluck  to 
the  fides  of  the  receiver  in  ramifications  as  ufual ;  and  a 
thick   fetid  Oil.      There    now    remained    in    the  retort  3 

charred 


582  ELEMENTS     of     the  Part.  3. 

charred  matter,  which  being  burnt  in  the  open  air  or  not 
burnt,  (hewed  not  the  leafl  fign  of  its  containing  any  faline 
matter. 

This  method  of  analyzing  flefh,  by  boiling  it  at  firft  in 
water,  in  order  to  extract  all  that  can  be  diffolved  by  this 
menftruum,  {hews  us  that  animal  flefh  contains  an  Oil, 
which  is  in  a  faponaceous  (late  :  for  the  extract  made  there- 
from, by  water,  yields  in  diftillation  a  considerable  quan- 
tity of  Oil,  which  was  perfectly  diffolved  in  the  water,  while 
that  extract  was  in  the  diluted  ftace  of  broth,  and  before  it 
was  analyzed. 

It  is  remarkable  that  the  Volatile  Salt,  yielded  by  the  ex- 
tract of  flefh,  is  different  from  that  which  is  obtained  out  of 
the  flefh  itfelf,  when  nothing  hath  been  extracted  from  it. 
This  Salt,  as  Mr.  Geoffroy  obferved,  differs  from  the  com- 
mon Volatile  Alkalis  in  the  form  of  its  cryftals  ;  which 
made  that  Chymift  juflly  confider  it  as  a  Salt  of  a  fomewhat 
Ammoniacal  nature;  a  kind  of  Effential  Salt  of  flefh. 

There  is  reafon  to  think  that  this  Salt,  when  diffolved  in 
the  water  in  which  we  boil  flefh,  is  feparated  therefrom,  by 
the  action  of  fire^  with  more  eafe  than  while  it  remains 
combined  with  the  other  principles,  in  the  fubftance  of  the 
flefh ;  that  its  feparation,  in  the  latter  cafe,  requiring  a  great- 
er degree  of  heat,  it  is  thereby  decompofed ;  and  that  the 
Volatile  Alkali,  which  is  obtained  from  flefh  diflilled  in  the 
ufual  manner,  is  only  one  of  the  parts  that  conftkuted  the 
Ammoniacal  Salt  thereby  decompofed. 

The  charred  matter  remaining,  after  the  diftillation  of 
flefh  firft  exhaufted  by  boiling,  yields  nothing  faline  ;  be- 
caufe  the  Sea-falt,  which  is  the  only  Fixed  Salt  it  could  con- 
tain, was  diffolved  by  the  water  together  with  the  matter  of 
the  extract. 

Mr.  Geoffroy  likewife  examined  what  parts  of  flefh  Spirit 
of  Wine  is  capable  of  diffolving.  For  this  purpofe  he  took 
four  ounces  of  Beef,  dried  in  the  balneum  marite,  poured  on 
it  an  equal  weight  of  well  rectified  Spirit  of  Wine,  and  left 
the  whole  in  digeftion  for  a  confiderable  time.  The  Spi- 
rit extracted  from  the  Beef  a  weak  tincture,  and  feparated 
from  it  fome  drops  of  Oil :  it  acquired  a  brown  colour,  and 
a  faint  fmeli.  Mr.  Geoffroy  found,  by  feveral  experiments, 
that  the  Spirit  of  Wine  had  taken  up  a  portion  of  the  Am- 
moniacal, or  Effential,  Salt  of  the  flefh.  With  refpect  to 
the  Oil,  if  any  at  all  were  diffolved,  it  could  be  but  very 
little  ;  for  that  which  the  Spirit  feparated,  and  which  retained 
its  natural  form,  was  certainly  not  diffolved  :  feeing  in  that 

cafe 
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-cafe  it  would  not  have  been  perceived,  but  would  have  made 
a  homogeneous  liquor,  to  appearance,  with  the  Spirit  of 
Wine. 


PROCESS     III. 

Bones  analyzed.      lnjianced  in  Ox-hones. 

CU  T  into  pieces  the  Bones  of  a  leg  of  beef,  carefully 
feparating  all  the  marrow.  Put  them  into  a  retort,  and 
diftil  them  in  a  reverberating  furnace,  as  ufual.  A  phlegm 
will  come  over  firft  ;  then  a  Volatile  Spirit,  which  will  be- 
come ftronger  and  ftronger  ;  afterwards  a  Volatile  Salt  in  a 
dry  form,  with  fome  Oil  ;  and,  laftly,  a  black  Oil,  with  a 
little  more  Volatile  Salt.  There  will  be  left  in  the  retort  a 
charred  matter,  from  which  a  little  Sea  fait  may  be  extract- 
ed. Reduce  this  charred  matter  to  afhes,  by  burning  it  in 
the  open  air.  Thefe  afhes  will  give  fome  flight  tokens  of  a 
Fixed  Alkali. 

OBSERVATIONS. 

The  analyfis  of  Bones  proves  that  they  confift  of  the  fame 
principles  with  flefh  and  blood ;  and  the  fame  may  be  faid, 
in  general,  of  all  matters  that  are  truly  animal,  or  that  actu- 
ally constitute  any  part  of  an  animal. 

Neverthelefs,  we  find  in  the  aihes  of  Bones  fcmewhat  of 
an  Alkaline  quality ;  feeing  they  make  a  red  precipitate  in  a 
folution  of  Corrofive  Sublimate  :  and  yet  a  true  Fixed  Alkali 
cannot  be  obtained  from  them.  Thefe  aihes  are  probably  in 
the  fame  cafe  with  quick  lime ;  which  hath  certain  proper- 
ties of  Alkaline  Salts,  though  no  Salt  of  that  kind  can  be 
extracted  from  it. 

Mr.  GeofFroy  analyzed  Bones  in  the  fame  manner  as  he 
did  flefh ;  that  is,  he  at  firft  made  a  ftrong  decoction  of  them 
with  water,  and  then  examined  and  diftilled  apart  the  ex- 
tract: afforded  him  by  that  decoction,  and  the  Bones  depriv- 
ed of  that  extract.  On  this  analyfis  he  made  two  remarkable 
obfervations. 

The  firft  is,  that  Bones  yielded  to  boiling  water  their  prin- 
ciples and  their  Volatile  Salts,  both  fooner  and  more  copi- 
oufly  than  flefh  did:  for  in  the  analyfis  which  Mr.  GeofFroy 
made  of  feveral  forts  of  flefh,  though  he  robbed  them  in  a 
manner  of  all  their  principles  by  boiling,  yet  their  dried  fibres 

alter- 


584  ELEMENTS     of     the  Part  3. 

afterwards  yielded  a  confiderable  quantity  of  Volatile  Salt ; 
whereas  the  Bones,  of  which  he  had  made  an  extract  by  boil- 
ing, afforded  him  but  a  very  fmall  quantity  thereof  when 
analyzed. 

The  fecond  obfervation  worthy  of  notice  which  Mr.  Geof- 
froy  made  on  his  analyfis  of  Bones  is  this;  the  Salt,  which, 
as  was  fhewn  in  the  analyfis  of  flefh,  was  refolved  by  the 
water  wherein  he  boiled  the  flefh,  and  confequently  arofe 
when  he  diftilled  the  extract  obtained  from  that  decoction, 
and  cryftallized  in  the  form  of  parallelopipeds,  took  a  quite 
different  turn  in  the  analyfis  of  Bones.  None  of  it  appear- 
ed in  diftilling  the  extract  made  by  deco£tion,  but  arofe  in 
diftilling  the  boiled  Bones,  that  were  exhautted  of  almoft  all 
their  other  principles  by  the  decoction  with  water.  Thefe 
differences  probably  arife  from  the  different  contexture  of  the 
animal  matters  in  which  they  are  obferved. 

This  analyfis  of  Bones  may  ferve  as  a  pattern  for  analyz- 
ing all  the  iolid  parts  of  animals,  fuch  as  horns,  hoofs, 
ivory,  &c. 


PROCESS     IV. 

Animal  Fat  analyzed,     Infianced  in  Mutton-Suet. 

PUT  as  much  Mutton-Suet  as  you  pleafe  into  a  glafs 
retort,  only  taking  care  that  the  veiTel  be  but  half-full ; 
and  diftii  with  degrees  of  fire  as  ufual.  A  phlegm  fmelling 
of  the  Suet  will  rife  fir  ft,  and  foon  grow  very  acid.  After 
this  fome  drops  of  Oil  will  come  over,  and  be  followed  by  at 
matter  like  Oil,  in  appearance,  when  it  comes  over  ;  but  it 
will  fix  in  the  receiver,  and  acquire  a  confiftence  fomewhat 
fofter  than  Suet.  This  kind  of  Butter  of  Suet  will  continue 
to  rife  to  the  end  of  the  diftillation  ;  and  there  will  be  left  in 
the  retort  a  fmall  quantity  of  charred  matter. 

OBSERVATIONS. 

Trough  animal  Fat  be  a  fubftance  that  hath  paffed 
through  all  the  drainers  of  the  body ;  though  it  hath  under- 
gone all  the  elaborations  neceffary  to  form  an  animal  matter, 
and  become  itfelf  part  of  the  animal  :  it  contains,  neverthe- 
lefs,  as  its  analyfis  fhews,  principles  differing  greatly  iroro 
thofe  of  all  other  animal  matters :  fo  that  it  mud  be  clsfled* 
in  fome  fort,  bv  kfelf. 

It 
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It  confifts  almoft  entirely  of  Oil  :  but  this  Oil  is  in  a 
Concrete  form,  and  obferves  the  general  rule  of  all  concreted 
oily  matters,  which  owe  their  confidence  wholly  to  the  A- 
cid  that  is  combined  with  them-  The  rule  is  evidently  fa 
general,  that  it  extends  even  to  the  animal  kingdom,  where, 
in  all  other  inftances,   Acids  feem  to  be  almoft  annihilated. 

Ail  we  faid  above  on  the  fubje£fc  of  Butter  muft  be  appli- 
ed here :  for  animal  Fat,  properly  fo  called,  and  Butter,  do 
not,  in  my  opinion,  differ  fenfibly  from  each  other,  with 
refpect  to  their  analyfis.  And  therefore  there  is  great  rea- 
fon  to  believe,  that  what  is  Butter  in  Chyle,  or  Milk,  be- 
comes Fat  when  fixed  in  the  animal  body.  It  is  a  kind  of 
repofitory,  in  which  nature  lays  up  and  confines  the  Acid 
that  is  unneceilary  to  the  animal  compofition,  and  which  file 
could  not  any  other  way  eliminate. 

I  made  choice  of  Mutton-Suet  for  an  inftance  of  the  ana- 
lyfis of  Fat;  becaufe  this  Fat,  being  the  firmed  of  any,  muft 
contain  a  ftronger  and  more  perceptible  Acid. 

-When  it  is  thus  diftilled,  the  part  which  remains  fixed 
hath  much  lefs  confidence  than  the  Suet  had  before  ;  which 
arifes  from  its  having  loft  part  of  its  Acid.  Repeated  dt- 
ftillations  will  deprive  it  of  a  much  greater  quantity  thereof, 
and  fo  reduce  it  into  an  Oil  that  will  always  remain  clear 
and  fluid. 

Not  one  particle  of  Volatile  Alkali  is  obtained  by  diftil-- 
ling  Suet  :  but  then  the  experiment  will  not  fucceed  as  it 
ought,  unlefs  care  be  taken  to  free  the  Suet  perfectly  from 
all  the  membranes,  and  all  the  particles  of  flefh  and  blood 
that  may  be  mixed  with  it;  for,  if  it  mould  be  diftilled 
without  this  precaution,  thofe  heterogeneous  matters  mingled 
with  it  would  yield  a  great  deal  of  Volatile  Alkali  in  diftii- 
lation;  which  might  impofe  on  the  Artift,  and  make  him 
think  the  Salt  came  actually  from  the  Suet.  Suet  that  hath 
been  often  melted,  as  the  tallow,  for  inftance,  of  which  can- 
dles are  made,  is  fufficiently  purified  :  of  this  I  made  u(g  in 
my  analyfis,  and  it  yielded  me  no  Volatile  Alkali ;  at  leaft 
I  could  perceive  none. 

In  conclufion,  all  that  hath  been  faid,  on  feveral  occa- 
sions, touching  the  properties  of  concreted  oily  matters,  may 
be  applied  to  Suet.  I  fhall  only  obferve  here,  that  it  is  one 
of  thofe  that  manifeft  no  Acidity,  and  confequently  that  in 
its  natural  (rate  it  is  not  foluble  in  Spirit  of  Wine,  and  on- 
ly becomes  foluble  in  that  menftruum  by  degrees,  as  its  A- 
cid  is  extricated  by  repeated  diftilhtions ;  and  or.  this  ac- 

4-E  ,-  count 
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count  it  ought  to  be  clafTed  with  Bee's-Wax,  and  other  oily 
compounds  of  that  kind. 


PROCESS     V. 

Eggs  analyzed,     Inftanced  in  Pullet's  Eggs. 

PU  T  fome  Hen's  Eggs  in  water,  and  boil  them  till  they 
be  hard.  Then  feparate  the  Yelks  from  the  Whites. 
Cut  the  Whites  into  little  bits ;  put  them  Jnto  a  glafs  cucur- 
bit ;  fit  on  a  head  and  receiver;  dift.il  m  a  balneum  maricu 
with  degrees  of  fire,  railing  it  towards  the  end  to  the  ftrong- 
eft  heat  which  that  bath  can  give ;  that  is,  to  the  beat  of 
boiling  water.  There  will  come  over  an  aqueous  liquor,  or 
infipid  phlegm  ;  the  quantity  whereof  will  be  very  confider- 
able,  feeing  it  will  make  about  nine-tenths  of  the  whole 
mafs  of  the  Whites  of  the  Eggs.  Continue  your  diftilla- 
tion,  and  keep  the  water  in  the  bath  conftantly  boiling,  till 
not  a  drop  more  of  liquor  will  afcend  from  the  alembic. 
Then  unlute  your  vefiels.  In  the  cucurbit  you  will  find  your 
Whites  of  Eggs  confiderably  fhrunk  in  their  bulk.  They 
•will  look  like  little  bits  of  brown  glafs,  and  be  hard  and 
brittle. 

Put  this  refiduum  into  a  glafs  retort,  and  diftil,  as  ufual, 
In  a  reverberating  furnace  with  degrees  of  heat.  There  will 
come  over  a  Volatile  Oily  Spirit,  a  yellow  Oil,  a  Volatile 
Salt  in  a  dry  form,  and,  at  lait,  a  black  thick  Oil.  There 
'will  be  left  in  the  retort  a  charred  matter. 

Reduce  alfo  into  the  ftnalleu  pieces  you  can  the  hard  Yelks 
of  the  Eggs  which  you  feparated  from  the  Whites.  Set 
them  in  a  pan  ever  a  gentle  fire :  ftir  them  with  a  flick  till 
they  turn  a  little  brown,  and  difcharge  a  fubflance  like  melt- 
ed marrow.  Then  put  them  into  a  new  ftrong  canvafs  bag, 
and  prefs  them  between  two  iron  plates  well  heated  5 
whereby  you  will  obtain  a  confiderable  quantity  of  a  vel- 
low  Oil. 

Let  what  remains  in  the  bag  be  diftilled  in  a  retort  fet  in 
a  reverberating  furnace :  it  will  give  you  the  fame  principles 
*ls  you  got  from  the  Whites. 

OBSERVATIONS. 

Of  the  two  perfectly  diftin£fc  fubftances  that  conftitute  the 
JLgg}  the  Yelk  contains  the  embryo  of  the  chick,  and  is  dei- 
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lined  to  hatch  it :  the  White  is  to  ferve  for  the  nouridiment 
of  the  chick  when  it  is  formed. 

Thefe  two  matters,  though  they  contain  the  very  fame 
principles,  yet  differ  confidently  from  each  other;  and 
chiefly  in  this,  that  their  principles  are  not  in  the  fame  pro- 
portions. 

The  White  of  an  Egg  contains  fo  much  phlegm,  that  it 
feems  to  confift  almoft  totally  thereof.  All  the  aqueous  li- 
quor, obtained  by  diftilling  it  in  the  balneum  maria^  is,  pro- 
perly fpeaking,  nothing  but  pure  water;  for  no  Chymical 
trial  can  difcover  in  it  either  an  Acid  or  a  Volatile  Alkali ; 
or  any  very  perceptible  Oily  part.  And  yet  it  muft  contain 
fome  Oil,  becaufe  the  liquor  that  rifes  laft  is  a  little  bitteriih 
to  the  tafte,  and  fmells  fomewhat  of  empyreuma.  But  the 
principles  from  which  it  derives  thefe  properties  are  in  too 
fmall  quantities  to  be  diftinctly  perceived. 

If,  inftead  of  diftilling  the  hard  White  of  an  Egg,  with 
a  view  to  draw  off  the  great  quantity  of  water  it  contains, 
•you  leave  it  fome  time  in  an  air  that  is  not  too  dry,  the  great- 
eft  part  of  its  moiiture  feparates  fpontaneoufly,  and  becomes 
very  fenfible.  In  all  probability  this  is  the  effecl:  of  a  begin- 
ning putrefaction,  which  attenuates  this  fubftance,  and 
breaks  its  contexture.  The  liquor  thus  difcharged  by  the 
White  of  an  Egg  thoroughly  difiblves  Gum-Refins,  and 
particularly  Myrrh.  If  you  defire  to  diiTolve  Myrrh  in  this 
manner,  cut  a  hard-boiled  Egg  in  halves ;  take  out  the  Yelk; 
put  the  powdered  Gum-Refin  into  the  cavity  left  by  the 
Yeik  ;  join  the  two  halves  of  the  White  ;  fallen  them  toge- 
ther with  a  thread,  and  hang  them  up  in  a  cellar.  In  a  few- 
days  time  the  Myrrh  will  be  diflblved  by  the  moiflure  that 
iifues  from  the  White  of  the  Egg,  and  will  drop  into  the 
vefTel  placed  underneath  to  receive  it.  This  liquor  is  impro- 
perly called  Oil  of  Myrrh  per  deliquium. 

All  the  properties  of  the  Whites  of  Eggs,  as  well -as  the 
principles  obtained  by  analyzing  them,  are  the  fame  with 
thofe  of  the  lymphatic  part  of  the  blood  ;  fo  that  there  is  a 
great  refemblance  between  thefe  two  fubftances. 

As  to  the  Yelk,  it  is  plain  from  its  analyfis  that  Oil  is 
the  predominant  principle  thereof.  If  the  Yelk  of  an  Egg 
be  mixed  with  water,  the  Oil  with  which  it  is  replete,  and 
which  is  by  nature  very  minutely  divided,  diffufes  itfelf 
through  the  whole  liquor,  and  remains  fufpended  therein  by 
means  of  its  vifcofity.  The  liquor  at  the  fame  time  be- 
comes milk-white  like  an  emulfion,  and  is  in  fact  a  true  ani- 
mal emulfion. 

4  E  2  In 
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In  order  to  obtain  the  Oil  cf  Eggs  by  expreffion  with  the 
more  eafe,  care  mud  be  taken  to  chufe  Eggs  that  are  ieven 
or  eight  days  old;  becaufe  they  are  then  a  little  lefs  vifcous. 
Nevertheless,  their  vifcofity  is  dill  fo  great  that  they  will  not 
eafily  yield  their  Oil  by  expreffion  :  and  therefore,  in  order 
to  attenuate  and  deftroy  entirely  this  vifcofity,  they  muff,  be 
torrefied  before  they  are  put  to  be  prefTed. 

The  Oil  of  Eggs,  like  all  other  oily  animal  matter,  feems 
analagous  to  the  Fat  Oils  of  vegetables.  It  hath  all  the  pro* 
perties  that  characferife  thofe  Oils.  Its  colour  is  yellow, 
and  it  fmells  and  taftes  a  little  of  the  empyreuma,  occafion- 
ed  by  torrefying  the  Yelks.  It  is  rendered  fomewhat  lefs  dis- 
agreeable by  being  expofed  to  the  dew  for  thirty  or  forty 
liights,  if  care  be  taken  to  ftir  it  often  in  the  mean  time. 

To  conclude  :  all  the  principles,  both  in  the  Yelk  and  the 
"White  of  an  &gg>  are  the  fame  as  thofe  found  in  Blood, 
Flefh,  and  all  other  matters  that  are  perfectly  animal. 


chap.     in. 

0f  the  Excrements  of  Animals. 
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PROCESS     I. 

Dung  analyzed.      Infianced  in  Human   Excrement.      Mr* 
Romberg's  Pkofphorus. 

TAKE  any  quantity  you  pleafe  of  human  Excrement, 
and  diftil  it  in  a  glafs  alembic  fet  in  the  balneum  ma- 
ricE.  You  will  obtain  an  aqueous,  clear,  infipid  liquor  ; 
which  will  neverthelefs  have  a  difagreeable  odour.  '  Having 
urged  the  diftillation  as  far  as  is  poflible,  with  the  heat  of  this 
bath,  unlute  your  vefTels,  and  you  will  find  at  the  bottom  of 
the  cucurbit  a  dry  matter,  making  about  an  eighth  part  only 
of  what  you  put  into  it.  Put  this  refiduum  into  a  glafs  re- 
tort, and  clifLil  in  a  reverberating  furnace,  with  degrees  of 
heat.  You  will  obtain  a  Volatile  Spirit,  and  a  Volatile  Salt, 
with  a  fetid  Oil  5  and  a  charred  matter  will  be  left  in  the 
retQit, 

QMEjL 
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OBSERVATIONS. 

Mr.  Homberg  made  a  great  many  experiments  on  the 
dung  of  animals;  concerning  which  he  compofed  two  Me- 
moirs published  in  the  Academy's  collection  for  171 1.  That 
Chymift  tells  us,  that,  in  diftilling  Excrement,  he  aimed 
not  fo  much  at  difcovering  the  principles  of  which  it  confifts, 
as  he  was  defirous  to  fatisfy  a  friend  of  his,  who  had  ear- 
neflly  entreated  him  to  try  whether  he  could  not  extract 
therefrom  a  clear  Oil,  having  no  bad  fmell ;  becaufe  he  had 
feen,  as  he  faid,  Mercury  fixed  into  pure  Silver  by  fuch  an 
Oil. 

Mr.  Romberg's  labour  had  the  ufual  fate  of  all  enterprifes 
of  this  nature  He  actually  found  the  art  of  drawing  from 
Excrement  a  clear  fcentlefs  Oil ;  but,  in  whatever  way  he 
applied  it  to  Mercury,  it  produced  no  change  in  that  metal- 
lic fubflance.  However,  as  Mr.  Homberg  was  a  man  of  fa- 
gacity,  and  knew  how  to  improve  every  hint  offered  by  his 
experiments,  he  made  feveral  curious  diicoveries  on  this  oc- 
cafion ;  of  which  we  (hall  give  a  concife  account,  after  we 
have  made  fome  remarks  on  the  principles  obtained  from 
Excrement  by  the  method  defcribed  in  the  procefs. 

This  fubflance,  confifting  of  matters  fubject  to  putrefac- 
tion, hath  constantly  a  fetid  fmell,  like  that  of  all  putrid 
matters;  having  been  for  fome  time  confined  in  a  warm, 
moid  place,  which  we  know  promotes  putrefaction,  and  e- 
ven  quickly  produces  it.  Yet  the  analyfis  thereof  proves  that 
it  is  not  putrefied,  or  at  leaft  not  entirely  fo :  for  all  putre- 
fied matters  contain  a  Volatile  Alkali  perfectly  formed  and 
extricated ;  and,  as  this  principle  rifes  with  lefs  heat  than 
that  of  boiling  water,  it  always  comes  over  firft  in  diftillation. 
Now  we  have  feen  that,  with  the  heat  of  boiling  water,  it 
parts  with  nothing  but  an  infipid  phlegm,  containing  no  Vo- 
latile Alkali :  a  fure  proof  that  the  fecal  matter  is  not  com- 
pletely putrefied. 

There  is  nothing  remarkable  in  the  Volatile  Salt  and  fe- 
tid Oil,  which  rife  with  a  degree  of  heat  greater  than  that 
of  boiling  water.  They  are  common  productions,  of  which 
we  have  made  frequent  mention  in  feveral  of  the  preceding 
analyfes  ;  and  therefore  they  need  not  now  detain  us  from 
proceeding  to  give  a  fummary  account  of  Mr.  Romberg's 
chief  difcoveries. 

One  of  the  methods  by  which  Mr.  Homberg  endeavoured 
to  obtain  from  Excrement  a  clear  Oil,  without  any  bad 
fmell,  was  to  feparate  its  earthy  and  grofs  parts,  by  filtering 

it 
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it  before  he  diftilled  it.  "  For  this  purpofe  he  diluted  Excre- 
c<  ment  new]y  difcharged  with  hot  water,  ufing  a  quart  of 
"  water  to  an  ounce  of  feces.  Then  he  let  the  mixture  ftand 
"  to  cool,  and,  the  grofs  parts  falling  to  the  bottom,  he 
u  poured  off  the  water  by  inclination.  This  liquor  he  fil- 
"  tered  through  brown  paper,  and  evaporated  to  a  pellicle 
"  over  a  gentle  fire.  There  (hot  in  it  long  cryftals  of  four, 
"  five,  and  fix  fides,  which  Mr.  Homberg  thinks  may  be 
<c  called  the  Effential  Salt  of  Excrement.  They  refemble 
W  Salt-petre,  in  fome  meafure,  and  deflagrate  in  the  fire 
W  much  like  it;  with  this  difference,  that  their  flame  is  red, 
•c  and  they  burn  flowly ;  whereas  the  flame  of  Salt-petre  is 
"  white  and  very  vivid:  probably,  fays  Mr.  Homberg,  be- 
"  caufe  there  is  too  much  of  an  oily  matter  in  the  one,  and 
"  lefs  in  the  other. 

"  Mr.  Homberg  diftilled  this  Salt  in  a  glafs  retort  with 
<c  degrees  of  fire,  and  at  lafl  with  a  very  violent  one.  At 
"  firft  there  came  over  an  aqueous  liquor,  fharp  and  acid, 
"  which  was  followed  by  a  brown  fetid  oil,  fmelling  very 
<c  ftrong  of  empyreuma.  This  diftillation  he  attempted  four 
"  feveral  times  ;  and  each  time  the  matter  in  the  retort  took 
<l  fire,  juft  when  the  Oil  began  to  come  off." 

The  Salt  which  Mr.  Homberg  obtained  from  excrement  is 
very  remarkable.  We  (hall  have  occafion  to  fpeak  of  it  in 
another  place,  and  (hall  only  obferve  here,  that  its  Nitrous 
character  is  by  no  means  ambiguous  :  its  deflagrating  on  live 
coals  convinced  Mr.  Homberg  of  its  being  a  true  Nitre.  But 
its  conftantly  taking  fire  in  the  retort,  as  oft  as  diftilled,  is  a 
fure  proof  that  it  is  a  Nitrous  Salt :  for  Nitre  only  hath  the 
property  of  thus  taking  fire  in  clofe  veliels,  and  making  other 
combuftible  matters  burn  along  with  it. 

The  procefs  by  which  Mr.  Homberg  at  laft  obtained  from 
Excrement  a  clear  oil  without  any  bad  fmell  is  curious,  and 
worthy  of  a  place  here ;  on  account  of  the  views  and  occafi- 
ons  of  reflection  which  it  may  open. 

"  Mr.  Homberg  having  tried  in  vain,  by  diftilling  Excre- 
«  ment  a  great  many  different  ways,  to  obtain  from  it  fuch 
"  an  Oil  as  he  wanted,  refolved  to  employ  fermentation,  the 
"  effect  whereof  is  to  change  the  difpofition  of  the  princi- 
«  pies  of  mixts.  With  this  view  he  dried  fome  Excrement 
"  in  the  water-bath,  and,  having  pulverized  it,  poured 
<t  thereon  fix  times  its  weight  of  phlegm  that  had  been  fe- 
<c  parated  from  it  by  diftillation,  and  put  the  whole  into  a 
"  large  glafs  cucurbit,  covered  with  an  inverted  veffel  that 
tt  fitted  exactly  into  it,  and  was  clofe  luted.  This  veffel  he  fet 

«  in 
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«  in  a  balneum  marine  for  fix  weeks,  keeping  up  fuch  a  gentle 
"  he  at  as  would  not  burn  one's  hand  ;  after  which  he  unco- 
M  vered  the  cucurbit,  and  having  fitted  thereto  a  head  and  a re- 
«  ceiver,  diftilled  off  all  the  aqueous  moifture  in  the  balneum 
"  maria  with  a  very  gentle  heat.  It  had  now  loft  almoft  all 
"  its  bad  fmell,  which  was  changed  into  a  faint  one.  It 
(i  came  over  fomewhat  turbid,  whereas  it  was  very  clear 
"  when  put  into  the  cucurbit.  Mr.  Romberg  found  this 
"  water  to  have  a  cofmetlc  virtue :  He  gave  fbrne  of  it  to 
Ci  perfons  whofe  complexion,  neck,  and  arms,  were  quite 
w  fpoiled,  being  turned  brown,  dry,  rough,  and  like  a  goofe 
"  fkin  :  they  warned  with  it  once  a  day,  and,  by  continuing 
«*  the  ufe  of  this  water,  their  fkin  became  very  foft  and 
«  white." 

The  dry  matter,  that  remained  in  the  bottom  of  the  cu- 
curbit after  diftillation,  had  loft  about  a  twentieth  part  of  its 
weight;  that  is,  of  twenty  ounces,  put  at  onetime  into  the 
cucurbit,  fomewhat  lefs  than  nineteen  ounces  remained. 
Mr.  Homberg  fufpe&s  that  it  was  not  fo  dry  when  put  into 
the  cucurbit  as  when  it  was  taken  out.  Perhaps  alfo  the  fpe- 
eies  of  fermentation  which  the  matter  underwent  had  attenu- 
ated and  volatalized  fome  part  of  it;  fo  that  it  came  over 
with  the  phlegm  in  diftillation.  The  turbidnefs  of  that 
phlegm,  which  was  clear  and  limpid  before,  feems  to  coun- 
tenance this  conjecture. 

"  The  dry  matter  left  in  the  cucurbit  after  the  firft  diftil- 
"  lation,  had  not  the  leaft  fmell  of  feces :  on  the  contrary, 
*«  it  had  an  agreeable  aromatic  odour;  and  the  vefTel  in  which 
«  Mr.  Homberg  had  digefted  it,  being  left  open  in  a  corner 
«c  of  his  laboratory,  acquired  in  time  a  ftrong  fmell  of 
"  Ambergris.  It  is  furprifing,  as  Mr.  Homberg  juftly  ob- 
«  ferves,  that  digeftion  alone  fhould  change  the  abominable 
**  fmell  of  Excrement  into  an  odour  as  agreeable  as  that  of 
•*   Ambergris. 

"  This  dry  matter  he  powdered  coarfely,  and  put  two 
"  ounces  thereof  at  once  into  a  glafs  retort,  that  would  hold 
"  about  a  pound  or  a  pound  and  half  of  water.  This  he  di- 
"  (tilled  in  a  fand-bath  with  a  very  gentle  heat.  A  fmall 
<c  quantity  of  an  aqueous  liquor  came  over  firft,  and  then 
«  an  Oil  as  colourlefs  as  fpring-water.  Mr.  Homberg  con- 
"  tinued  the  fame  gentle  degree  of  heat,  till  the  drops  began 
"  to  come  off  a  little  reddiih;  and  than  he  changed  the  receiv- 
"  er,  flopping  that  which  contained  the  clear  Oil  very  clofe 
"  with  a  cork.  Having  carried  on  the  diftillation  with  a  firs 
•*  gradually   augmented,    there   came    over   a  conlidcrablc 

si  quantity 
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"  quantity  of  red  Oil;  and  there  remained  in  the  retort  a 
«  charred  matter  which  burnt  very  readily." 

The  clear  Oil,  without  any  ill  fmell,  which  Mr.  Hom- 
berg  obtained  from  the  fecal  matter  by  this  procefs,  was  the 
very  thing  he  was  in  fearch  of,  and  which  he  had  been  af- 
fiired  would  convert  Mercury  into  fine  fixed  Silver :  yet  h6 
ingenuoufly  owns,  that,  whatever  way  he  applied  it,  he  could 
never  produce  any  charge  in  that  metallic  fubftance.  We 
{hall  now  proceed  to  the  other  difcoveries  made  by  Mr.  Hom^ 
berg  on  this  occafion. 

In  his  attempt  to  obtain  a  clear  Oil  from  Excrement,  he 
diftilled  it  with,  different  additaments,  and  amongft  the  reft 
with  Vitriol  and  Alum.  He  found  that  the  matters  left  in 
the  retort,  when  he  made  ufe  of  thefe  Salts,  being  expofed 
to  the  open  air,  took  fire  of  themfelves  ;  that  they  kindled 
combuftible  matters;  in  a  word,  that  they  were  a  true  Phof- 
phorus,  of  a  fpecies  difFerent  from  all  then  known.  Purfu- 
ing  thefe  fir  ft  hints,  he  fought  and  found  the  means  of  pre- 
paring this  Phofphorus  by  a  way  much  more  expeditious, 
certain,  and  eafy.     His  procefs  is  this 

"  Take  four  ounces  of  Feces  newly  excreted :  Mis  there- 
«  with  an  equal  weight  of  Roch-Alum  coarfely  powdered  i 
"  put  the  whole  into  a  little  iron  pan  that  will  hold  about  a 
**  quart  of  water,  and  fet  it  over  a  gentle  fire  under  a  chim- 
«  ney.  The  mixture  will  melt,  and  become  as  liquid  as 
"  water.  Let  it  boil  with  a  gentle  fire,  conftantly  ftirring 
"  it,  breaking  it  into  little  crumbs,  and  fcraping  off  with  a 
"  fpatula  whatever  (licks  to  the  bottom  or  fides  of  the  pan* 
"  till  it  be  perfectly  dry.  The  pan  muft  from  time  to  time 
««  be  removed  from  the  fire,  that  it  may  not  grow  red-hot, 
«  and  the  matter  muft  be  ftirred,  even  while  it  is  off  the 
«  fire,  to  prevent  too  much  of  it  from  (licking  to  the  pan. 
««  When  the  matter  is  perfectly  dried,  and  in  little  clots,  let 
fi  it  cool,  and  powder  it  in  a  metal  mortar.  Then  put  it  again 
"  into  the  pan,  fet  it  over  the  fire,  and  (lir  it  continually. 
"  It  will  again  grow  a  little  moift,  and  adhere  together  in 
«  clots,  which  muft  be  continually  bruifed  and  roafted  till 
"  they  be  perfectly  dry  j  after  which  they  muft  be  fuffered  to 
««  cool,  and  then  be  pulverized.  This  powder  muft  be  re- 
"  turned  a  third  time  to  the  pan,  fet  on  the  lire,  roafted  and 
«  perfectly  dried  :  after  which  it  muft  be  reduced  to  a  fine 
«  powder,  and  kept  in  a  paper  in  a  dry  place.  This  is  the 
«  firft  or  preparatory  operation. 

iC  Make   two  or  three  drams  of  this   powder.     Put  it  into 

<{  a  little  xnatrafs,  the  belly  of  which  will  hold  an  ounce  or 
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*<  an  ounce  and  half  of  water,  and  having  a  neck  about  fix  or 
"  feven  inches  long.  Order  it  fo  that  your  powder  fhall  take 
(t  up  no  more  than  about  a  third  part  of  the  matrafs.  Stop 
"  the  neck  of  the  matrafs  flightly  with  paper :  then  take  a 
"  crucible  four  or  five  inches  deep :  in  the  bottom  of  the  cru- 
"  cible  put  three  or  four  fpoonfuls  of  fand  :  fet  the  matrafs 
«  on  this  fand,  and  in  the  middle  of  the  crucible,  fo  as  not 
"  to  touch  its  fides.  Then  fill  up  the  crucible  with  fand,  fo 
*c  that  the  belly  of  the  matrafs  may  be  quite  buried  therein. 
•*  This  done,  place  your  crucible,  with  the  matrafs,  in  the 
«c  midft  of  a  little  earthen  furnace,  commonly  called  a  Stove, 
<c  about  eight  or  ten  inches  wide  above,  and  fix  inches  deep 
"  from  the  mouth  to  the  grate.  Round  the  crucible  put 
u  lighted  coals  about  half  way  up,  and  when  it  hath  flood 
u  thus  half  an  hour,  fill  up  with  coals  to  the  very  top  of  the 
«  crucible.  Keep  up  this  fire  a  full  half- hour  longer,  or 
(i  till  you  fee  the  infide  of  the  matrafs  begin  to  be  red.  Then 
"  increafe  your  fire,  by  railing  your  coals  above  the  cruci- 
«  ble.  Continue  this  ftrong  heat  for  a  full  hour,  and  then 
«  let  the  fire  go  out. 

«  At  the  beginning  of  this  operation  denfe  fumes  will 
«  rife  out  of  the  matrafs,  through  the  (topple  of  paper. 
"  Thefe  fumes  iffue  fometimes  in  fuch  abundance  as  to 
€i  pufh  out  the  (topple ;  which  you  muft  then  replace,  and 
<c  flacken  the  fire.  The  fumes  ceafe  when  the  infide  of  the 
"  matrafs  begins  to  grow  red ;  and  then  you  may  increafe 
"  the  fire  without  any  fear  of  fpoiling  your  operation. 

"  When  the  crucible  is  fo  cold  that  it  may  be  fafely  tak- 
«  en  out  of  the  furnace  with  one's  hand,  you  muft  gradual- 
"  ly  draw  the  matrafs  out  of  the  fand,  that  it  may  cool  flow- 
"  ly,  and  then  (lop  it  clofe  with  a  cork. 

«  If  the  matter  at  the  bottom  of  the  matrafs  appear  to  be 
«  in  powder  when  fhaken,  it  is  a  fign  the  operation  hath 
«  fucceeded :  but  if  it  be  in  a  cake,  and  doth  not  fall  into 
«  powder  on  (baking  the  matrafs,  it  (hews  that  your  matter 
«  was  not  fufficiently  roafted  and  dried  in  the  iron  pan, 
w  during  the  preparatory  operation." 

Since  Mr.  Homberg,  Mr.  Lemeri  the  younger  hath  made 
a  great  many  experiments  on  this  Phofphorus,  which  may 
be  feen  in  the  Memoirs  of  the  Academy  for  1714  and  171 5. 
In  thofe  Memoirs  Mr.  Lemeri  hath  (hewn,  that  Excrement 
is  not  die  only  matter  capable  of  producing  this  Phofphorus 
with  Alum  ;  but  that,  on  the  contrary,  almoft  all  animal 
and  even  vegetable  matters  are  fit  for  this  combination  ;  that 

4  F  though 
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though  Mr.  Homberg  mixed  Alum  in  equal  quantities  only 
with  the  fecal  matter,  it  may  be  ufed  in  a  much  greater  pro- 
portion, and,  in  certain  cafes,  will  fucceed  the  better ;  that, 
according  to  the  nature  of  the  fubftances  to  be  worked  on, 
the  quantity  of  that  Salt  may  be  more  or  lefs  increafed ;  and 
that  whatever  is  added,  more  than  the  dofe  requifite  for  each 
matter,  ferves  only  to  lefTen  the  virtue  of  the  Phofphorus, 
-or  even  deftrpys  it  entirely :  that  the  degree  of  fire  applied 
niuft  be  different  according  to  the  nature  of  thofe  matters; 
and,  laftly,  that  Salts  containing  exactly  the  fame  Acid  with 
that  of  Alum,  or  the  Acid  of  thofe  Salts  feparated  from  its 
bafis  and  reduced  into  Spirit,  do  not  anfwer  in  the  prefent 
operation:  which  fhews,  fays  Mr.  Lemeri,  that  many  ful- 
phureous  matters  may  be  fubftituted  for  Excrement  in  this 
operation;  but  that  there  are  no  Salts,  or  very  few  if  any, 
that  will  fucceed  in  the  place  of  Alum.  Neverthelefs,  a 
Chymift,  who  lately  communicated  to  the  Academy  a  great 
number  of  experiments  on  this  Phofphorus,  found  that  any 
Salt  containing  the  Vitriolic  Acid  may  be  fubftituted  for 
Alum. 

This  Phofphprus,  made  either  by  Mr.  Homberg's  or  by 
Mr.  Lemeri's  method,  fhines  both  by  day  and  by  night.  Be* 
6des  emitting  light,  it  takes  fire  foon  after  it  is  expofed  to 
the  air,  and  kindles  all  combuftible  matters  with  which  it 
comes  in  contact ;  and  this  without  being  rubbed  or  heatecL 

Meff.  Homberg  and  Lemeri  have  given  the  moft  probable 
and  the  mod  natural  explanation  of  the  caufe  of  the  accen> 
fion  and  other  phenomena  of  this  Phofphorus.  What  they 
fay  amounts  in  fhort  to  what  follows. 

Alum  is  known  to  be  a  Neutral  Salt,  confirming  of  the 
Vitriolic  Acid  and  a  calcareous  earth.  When  this  Salt  is 
calcined  with  the  fecal  matter,  or  other  fubftances  abounding 
in  Oil,  the  volatile  principles  of  thefe  fubftances,  fuch  as 
their  Phlegm,  their  Salts,  and  their  Oils,  exhale  in  the  fame 
manner  as  if  they  were  diftilled ;  and  there  is  nothing  hk 
in  the  matrafs,  when  thofe  principles  are  diflipated,  but  a 
charred  matter,  like  that  which  is  found  in  retorts  wherein 
fuch  mixts  have  been  decompofed  by  diftillation. 

This  remainder  therefore  is  nothing  but  a  mixture  of  A- 
lum  and  charcoal.  Now,  as  the  Acid  of  this  Salt,  which  is 
the  Vitriolic,  hath  a  greater  affinity  with  the  ph]ogifton  than 
with  any  other  iubftance,  it  will  quit  its  bafis  to  unite  with 
the  phlogifton  of  the  coal,  and  be  converted  by  that  union 
into  a  Sulphur.     And  this  is  the  very  cafe ;  of  which   we 
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have  certain  proofs  in  the  operation  for  preparing  this  Phof- 
phorus:  for  when,  after  the  volatile  principles  of  the  oily 
matter  are  drawn  off,  the  fire  is  increafed,  in  order  to  com- 
bine clofely  together  the  fixed  parts  that  remain  in  the  ma- 
trafs,  that  is,  the  Alum  and  the  charred  matter,  we  perceive 
at  the  mouth  of  the  rnatrafs  a  fmall  blue  fulphureous  flame, 
and  a  pungent  fmell  of  burning  Sulphur.  Nay,  when  the 
operation  is  finiihed,  we  find  a  real  Sulphur  (ticking  in  the 
neck  of  the  rnatrafs;  and,  while  the  Phofphorus  is  burning* 
it  hath  plainly  a  ftrong  fulphureous  fmell.  It  is  therefore 
certain  that  this  Phofphorus  contains  an  actual  Sulphur;  that 
is,  a  matter  difpofed  to  take  fire  with  the  greateft  eafe.  But 
though  Sulphur  be  very  inflammable,  it  never  takes  fire  of 
itfelf,  without  being  either  in  contact  with  fome  matter  that 
is  actually  ignited,  or  elfe  being  expofed  to  a  confiderable  de- 
gree of  heat.  Let  us  then  fee  what  may  be  the  caufe  of  its 
accenfion,  when  it  is  a  conftituent  part  of  this  Phofphorus. 

We  mentioned  juft  now  that  the  Acid  of  the  Alum  quits 
its  bafis,  in  order  to  form  a  Sulphur  by  combining  with  the 
Phlogifton  of  the  coal.  This  bafis  we  know  to  be  an  earth 
capable  of  being  coverted  into  Lime;  and  that  it  is  actually 
converted  into  Quick-lime  by  the  calcination  tteceflary  to 
produce  the  Phofphorus.  We  know  that  new-made  Lime 
hath  the  property  of  uniting  with  water  fo  readily,  that  it 
thereby  contracts  a  very  great  degree  of  heat.  Now  when 
this  Phofphorus,  which  is  partly  conflituted  of  the  bafis  o£ 
the  Alum  converted  into  Quick-lime,  is  expofed  to  the  air* 
the  Lime  inftantly  attracts  the  moifture  of  which  the  air  is 
always  full,  and  by  this  means,  probably,  grows  fo  hot  as  to 
fire  the  Sulphur  with  which  it  is  mixed.  Perhaps  alfo  the 
Acid  of  the  Alum  is  not  totally  changed  into  Sulphur;  fome 
part  thereof  may  be  only  half  difengaged  from  its  bafis,  and 
in  that  condition  be  capable  of  attracting  ftrongly  the  humi- 
dity of  the  air,  of  growing  very  hot  likewife  by  imbibing 
the  moifture,  and  fo  of  contributing  to  the  accenfion  of  the 
Phofphorus. 

There  is  alfo  room  to  think  that  all  the  Phlogifton  of  the 
charred  matter  is  not  employed  in  the  production  of  Sulphur 
in  this  Phofphorus,  but  that  fome  part  of  it  remains  in  the 
ftate  of  a  true  coal.  The  black  colour  of  the  unkindled 
Phofphorus,  and  the  red  fparkles  it  emits  while  burning,  fuf- 
ficiently  prove  this.  The  explanation  of  the  accenfion  of  this 
Phofphorus,  as  here  given  by  Meff.  Romberg  and  Lemeri, 
is  very  ingenious,  and  in  the  main  juft;  but  yet,  in  my  opi- 
nion, the  fubject  deferves  a  more  thorough  examination. 

4  F  2  ?R  O- 
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PROCESS      II. 

Human  Urine  analyzed. 

PUT  fome  Human  Urine  into  a  glafs  Alembic  ;  fet  it 
in  a  water-bath,  and  diftil  till  there  remain  only  about 
a  fortieth  part  of  what  you  put  in ;  or  elfe  evaporate  the 
Urine,  in  a  pan  fet  in  the  balneum  marine,  till  it  be  reduced  to 
the  fame  quantity.  With  this  heat  nothing  will  exhale  but 
an  infipid  Phlegm,  fmelling  however  like  Urine.  The  re- 
fiduum  will,  as  the  evaporation  advances,  become  of  a  dark- 
er and  darker  ruflet,  and  at  laft  acquire  an  almoft  black  co- 
lour. Mingle  this  refiduum  with  thrice  its  weight  of  fand, 
and  diftil  it  in  a  retort  fet  in  a  reverberating  furnace,  with 
the  ufual  precautions.  At  firft  there  will  come  over  a  little 
more  infipid  Phlegm  like  the  former.  When  the  matter  is 
almoft  dry,  a  Volatile  Spirit  will  rife.  After  this  Spirit, 
white  vapours  will  appear  on  increafmg  the  fire  ;  a  yellow 
oily  liquor  will  come  off,  trickling  down  in  veins ;  and  to- 
gether with  this  liquor  a  concrete  Volatile  Salt,  which  will 
ftick  to  the  fides  of  the  receiver.  At  laft  there  will  come 
over  a  deep- coloured  fetid  Oil.  In  the  retort  there  will  re- 
main a  faline  earthy  refiduum,  which  being  lixiviated  will 
yield  fome  Sea-falt. 

OBSERVATIONS. 

Urine  muft  be  confidered  as  an  aqueous  liquor  replete 
with  all  the  faline  matters  which  are  of  no  ufe  to  the  body, 
either  for  nourifhment  or  health  :  it  is  a  lixivium  of  ani- 
mal matters,  prepared  by  nature  for  diffolving  and  feparating 
from  them  all  the  unnecelTary  Salts.  It  contains  a  very  large 
quantity  of  almoft  pure  phlegm,  which  evaporates  with  the 
heat  of  a  water-bath. 

The  refidue  of  the  Urine,  from  which  this  phlegm  is  fe* 
parated  by  the  firft  diftillation,  though  thereby  rendered 
confiderably  thicker,  doth  not  coagulate,  or  curdle  in  the 
leaft,  like  Milk  or  Blood  ;  which  fhews  that  it  contains  no 
parts  analagous  to  thofe  of  thefe  two  nutritious  liquors.  Yet 
it  contains  oily  and  faline  parts,  difpofed  like  thofe  of  truly 
animal  matters  ;  as  appears  from  the  Spirit,  the  Volatile 
Salt,  and  the  Oil,  obtained  from  it  by  diftillation ;  which 
are,  in  every  refpeft,  perfectly  like  the  fame  principles  yield- 
ed by  other  animal  fubftances.      But,  if  the  animal  that 

made 
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made  the  Urine  took  in  with  its  food  any  of  the  Neutral 
Salts,  which  cannot  be  decompounded  by  digeftion ;  that  is, 
of  thofe  chiefly  which  confift  of  Acids  and  Alkalis,  the 
Urine  will  contain,  over  and  above  the  other  parts  of  that  ani- 
mal, almoft  all  the  Neutral  Salt  that  entered  into  its  body. 
Accordingly  human  Urine  is  replete  with  a  confiderable 
quantity  of  Sea-falt,  becaufe  men  eat  a  great  deal  of  it.  It 
is  found,  after  the  diftillation  of  the  Urine,  united  with 
the  caput  mortuum  left  in  the  retort ;  becaufe,  being  of  a 
fixed  nature,  it  doth  not  rife  with  the  volatile  principles  in 
diftillation. 

Befides  this  Sea-falt,  Urine  contains  another  Salt  of  a  lin- 
gular nature,  which  cryftallizes  differently  from  Sea-falt.  In 
this  Salt,  according  to  Mr.  MarggrafFs  experiments  mention- 
ed on  the  fubjecl;  of  Phofphorus,  is  contained  the  Acid  ne- 
ceffary  to  produce  the  Phofphorus  of  Urine.  There  is  rea- 
fon  to  think  that  this  Salt  is  a  Sea-falt,  difguifed  by  the  fat 
matters  with  which  it  combines  during  its  ftay  in  the  ani- 
mal body. 

Mr.  Boerhaave  calls  it  the  EfTential  Salt  of  Urine.  If 
you  defire  to  have  it  by  itfelf,  you  muft  evaporate  the  Urine, 
with  a  gentle  heat,  to  the  confiftence  of  frefh  cream,  filter 
it,  and  let  it  ftand  quiet  in  a  cool  place.  Cryftals  will 
at  length  fhoot  therein,  and  adhere  to  the  fides  of  the  veflel. 
Thefe  cryftals  are  the  Salt  you  want :  they  are  brown  and 
oily.  If  you  defire  to  have  them  purer,  you  muft  diflblve 
them  in  warm  water,  filter  the  folution,  and  fet  it  by  to 
moot.  This  operation  repeated  feveral  times  will  render  them 
clear  and  tranfparent.  Mr.  Schloffer,  a  young  and  very  pro- 
mifing  Chymift,  is  the  laft  who  hath  made  any  experiments 
on  this  curious  Salt  of  Urine.  Thofe  who  are  defirous  of  a 
particular  account  of  its  properties  may  confult  his  differta- 
tion,  printed  at  Leyden  in  1753,  as  well  as  Mr.  MarggrafF 's 
excellent  Memoirs,  printed  among  thofe  of  the  Academy  of 
Berlin. 

The  chief  refult  of  Mr.  ScmWer's  experiments  is,  firft, 
that  this  Salt  may  be  obtained  from  recent  Urine,  and  even 
in  greater  quantities  than  from  putrid  Urine,  and  that  too 
in  very  little  time  :  feeing  it  cryftallizes  in  twenty-four  hours, 
after  due  evaporation. 

Secondly,  that  this  Salt  is  a  Neutral  Ammoniacal  Salt, 
confifting  of  a  Volatile  Alkali,  (which  can  never  be  extract- 
ed from  it  but  in  a  liquid  form,  like  that  which  is  feparated 
from  Urine  by  the  addition  of  Lime)  •,  and  of  an  Acid  of  a 
very  fingular  nature,  tfic  moft  remarkable  property  of  which 

is, 
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is,  its  being  fo  fixed  as  to  refift  the  violence  of  fire,  and 
turn  into  a  fort  of  glafs  rather  than  exhale  in  vapours.  This 
is  that  Acid  which,  according  to  Mr.  MarggrafPs  experi- 
ments, forms  the  combination  of  Phofphorus  when  united 
with  the  Phir»gifton.  The  other  properties  of  this  lingu- 
lar Acid  are  the  principal  obje&s  of  Mr.  MarggrafPs  in- 
quiries. 

It  follows,  in  the  third  place,  from  Mr.  SchlofTer's  expe- 
riments, that  this  Acid,  being  combined  to  the  point  of  fa- 
turation  with  a  common  Volatile  Alkali,  forms  a  true,  re- 
generated Salt  of  Urine  ;  and  that,  by  this  union,  the  na- 
ture of  the  Volatile  Alkali  is  fo  changed,  that  it  cannot  af- 
terwards appear  by  itfelf  in  a  concrete  form,  but  is  always 
ftuid,  like  that  which  is  extricated  by  the  additament  of 
lime. 

If  Fixed  Alkalis  be  mixed  with  frefh  Urine,  they  imme- 
diately feparate  from  it  a  Volatile  Alkali  ;  and,  if  the  mix- 
ture be  quickly  put  into  an  alembic,  and  diftilled,  the  firft 
liquor  that  rifes  is  a  Volatile  Spirit :  or  elfe  a  Volatile  Al- 
kali in  a  concrete  form  will  rife  firft,  provided  the  Fixed 
.Alkali  made  ufe  of  be  not  liquid,  and  the  Urine  be  de- 
phi  egmated. 

Herein  Urine  refembles  other  animal  matrers :  for  Fixed 
Alkalis  produce  the  fame  effect  on  them.  This  aflbrds  us 
good  grounds  for  believing  that  all  animal  matters  contain  a 
Neutral  Salt  of  an  Ammoniacal  nature,  which  the  Fixed 
Alkali  decompofes,  as  it  doth  all  other  Ammoniacal  Salts. 
Quick-lime  alfo  extricates  from  Urine  a  Volatile  Alkali,  ftill 
more  quick  and  pungent  than  that  which  is  feparated  by  a 
Fixed  Alkali,  and  which  conftantly  remains  liquid  without 
ever  putting  on  a  concrete  form  :  and  this  is  another  proof 
of  the  exigence  of  the  Ammoniacal  Salt  above-mentioned  ; 
for  quick-lime  hath  juft  the  fame  erTecl:  on  Sal- Ammoniac, 
as  we  mall  fee  in  its  place.  Mr.  SchlofTer's  experiments, 
compared  with  thole  now  mentioned,  feem  to  fhew  that  the 
Urine  contains  feveral  diftin<St  forts  of  Ammoniacal  Salts. 

Of  all  the  liquors  which  animals  afford,  Urine  putrefied 
the  mod  eafily,  and  by  putrefaction  parts  with,  or  forms, 
the  greateft  quantity  of  Volatile  Alkali.  If  it  be  diftilled 
when  putrefied,  there  comes  over  firft  a  Spirit  impregnated 
with  much  Volatile  Alkali-,  then  an  aqueous  liquor,  which 
Van  Helmont  allures  us  is  a  medicine  of  wonderful  efficacy 
in  diiTolving  the  (tone  in  the  bladder.  When  all  this  water 
is  come  over,  and  the  remaining  matter  is  a! moil  dry,  there 
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afcends,  on  increafmg  the  fire,  a  yellow  Oil,  together  with 
a  Volatile  Salt. 

After  this  there  remains  in  the  retort  a  black  charred 
earthy  matter,  containing  a  great  deal  of  Sea-falt.  If  this 
matter  be  calcined  in  the  open  air,  in  order  to  confume  its 
Phlogifton,  and  be  afterwards  lixiviated,  all  the  Sea-falt  it  con- 
tains may  by  this  means  be  eafily  feparated ;  nothing  but  its 
earth  being  left  behind.  This  caput  mortuum  contains  alfo 
the  materials  proper  for  forming  KunckePs  Phofphorus  -,  and 
if,  inftead  of  calcining  it  in  the  open  air,  it  be  urged  with 
a  violent  fire,  in  clofe  veffels,  it  will  yield  a  Phofphorus:  but 
then  all  the  precautions  recommended  on  the  fubjeel:  of 
Phofphorus  muft  be  ufed;  and,  in  particular,  the  caput  mor- 
tuum muft  be  lixiviated  before  it  be  diftilled,  in  order  to  free 
it  from  part  of  the  Sea-falt  contained  therein  ;  becaufe  too 
much  of  that  Salt  might  defeat  the  operator,  by  not  only 
melting  itfelf,  but  melting  alfo  the  containing  veliei  during 
the  operation. 


CHAP.       IV. 

Of  the  Volatile    Alkali. 

PROCESS     I. 

Volatile  Alkalis  redlified  and  depurated. 

MI  X  together  the  Spirit,  the  Volatile  Salt,  the  Phlegm9 
and  the  Oil,  obtained  from  any  fubftance  whatever. 
Put  the  whole  into  a  large  wide- mouthed  glafs  body,  and 
thereto  fit  a  head  with  a  large  beak.  Set  this  alembic  in  a 
water-bath,  lute  on  a  receiver,  and  difiil  with  a  very  gentle 
heat.  There  will  afcend  a  Spirit,  ftrongly  impregnated  with 
a  Volatile  Alkali,  and  a  Volatile  £>alt  in  a  concrete  form, 
which  muft  be  kept  by  itfelf.  Then  increafe  your  heat  to 
the  degree  of  boiling  water ;  whereupon  there  will  rife  a  fe- 
cond  Volatile  Spirit,  fomewhat  more  ponderous  than  the 
former,  with  a  light  Oil  that  will  fwim  on  its  furface,  and  a 
little  concrete  Volatile  Salt.  Proceed  till  nothing  more  will 
rife    with  this  degree  4of  heat.     Keep   by  itfelf  what  came 
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over  into  the  receiver.     At  the  bottom  of  the  cucurbit  vou 
will  find  a  thick   fetid  Oil. 

Into  fuch  another  di frilling  veffel  put  the  Spirit  and  Salt 
that  rofe  firft  in  this  diftillation,  and  diftil  them  in  the  bal- 
neum marine  with  a  heat  itill  gentler  than  before.  A  whiter, 
purer,  Volatile  Salt  will  fublime  Continue  the  diftillation 
till  an  aqueous  moifture  rife,  which  will  begin  to  difiblve  the 
Salt.  At  the  bottom  of  the  veffel  will  be  left  a  phlegm, 
with  a  little  Oil  floating  on  it.  Keep  your  Salt  in  a  bottle 
well  (topped. 

OBSERVATIONS. 

In  the  analyfis  of  any  fubftance  that  yields  a  Volatile  Al- 
kali, this  Salt  is  generally  found  in  the  receiver,  blended 
with  the  other  principles  of  the  mixt;  which,  afcending  from 
the  retort  in  the  form  of  liquors  and  vapours,  diilolve  the 
Salt,  or  at  leaft  moiften  it,  and  render  it  very  impure.  So 
that,  if  you  defire  to  have  it  without  any  mixture,  recourfe 
muft  be  had  to  a  fecond  diflillation,  in  order  to  feparate  it 
from  the  heterogeneous  matters  with  which  it  is  confounded. 

It  is  of  confequence  in  this  diftillation  to  apply  but  a  very 
weak  degree  of  heat ;  becaufe  on  that  depends  the  fuccefs  of 
the  operation,  infomuch  that,  the  lefs  heat  you  employ  to 
fublime  the  Salt,  the  purer  it  will  be.  For,  being  far  more 
volatile  than  any  of  the  other  principles  with  which  it  is 
mixed,  it  muft  evidently  rife  by  itfelf,  if  no  more  heat  be 
applied  than  is  juft  neceffary  to  elevate  it ;  fuch  a  heat 
being  much  too  weak  to  raife  the  Oil  and  phlegm  with 
which  it  is  blended. 

Neverthelefs,  whatever  care  be  taken  to  govern  the  heat, 
it  is  not  poflible  to  hinder  this  Volatile  Salt  from  carrying 
up  fome  portions  of  the  principles  mixed  with  it  \  thofe,  to 
wit,  with  which  it  is  moft  clofely  united,  and  to  which  it 
hath  by  that  means  communicated  a  fhare  of  its  volatility. 
For  this  reafon  it  requires  a  fecond  rectification,  which  is 
performed  in  the  fame  manner  as  the  former.  But,  feeing  it 
is  more  volatile  and  lighter  after  the  firft  rectification  than 
before,  being  thereby  treed  from  part  of  the  heterogeneous 
matters  with  which  it  was  loaded,  a  itill  lefs  degree  of  heat 
muft  be  applied  in  this  fecond  rectification. 

The  Oil  with  which  the  Volatile  Salt  is  loaded,  when  but 
once  diftilled,  is  perceivable  only  by  the  yellow  colour  and 
weight  it  communicates  thereto;  becaufe  it  is  clofely  united 
r.hercnyithj  and  in  a  perfectly  faponaceous  ftate.      This  ap- 
pears 
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pears  from  the  facility  with  which  Volatile  Salts,  even  the 
moil  oily,  diflblve  in  water,  without  difcovering  in  the  folu- 
tion  any  reparation  of  the  oily  parts,  and  even  without  giv- 
ing it  a  milky  colour.  But,  in  the  fecond  rectification,  this 
Oil  becomes  very  perceptible;  for  it  then  feparates,  in  a 
great  meafure,  from  the  Salt,  and  remains  at  the  bottom  of 
the  cucurbit,  floating  on  the  phlegm,  which  is  alfo  feparated 
from  the  Salt. 

The  Salt  is  then  whiter,  more  volatile,  and  purer;  yet  it 
is  ft  ill  far  from  being  brought  to  the  utmoft  degree  of  puri*- 
ty,  even  by  this  fecond  rectification.  It  requires  a  third,  a 
fourth,  and  even  many  more  rectifications,  to  purify  it  per- 
fectly :  every  rectification  feparates  from  it  fome  oily  parti- 
cles :  and  if  you  mould  refolve  to  go  on  rectifying  till  yon 
can  feparate  no  more  Oil,  there  is  reafon  to  think  this  Salt 
would  be  entirely  decornpofed  ;  becaufe  there  is  neceffarily  a 
certain  quantity  of  Oil  in  its  compofition,  without  which  it 
would  not  be  a  Volatile  Alkali.  You  muft  therefore  de- 
fifl:  from  rectifying  it  any  further,  when  you  find  it  very 
white,  and  very  light ;  and  (hut  it  up  in  bottles  hermetically 
fealed. 

It  often  happens  that  Volatile  Salts,  though  of  a  beautiful 
white  after  rectification,  grow  yellow  after  being  kept  fome 
time  in  clofe  bottles.  This  is  occaiioned  by  the  Oil  they 
contain  difengaging,  and  difcovering  iti'elf  by  degrees.  To 
remedy  this  inconvenience,  Mr.  Boerhaave  propofes  to  min^ 
g\e  the  Volatile  Salt,  which  you  intend  to  purify,  with  four 
times  its  weight  of  pulverized  chalk,  thoroughly  dried,  and 
even  heated  ;  to  put  the  mixture  into  a  glafs  alembic,  and 
diftil  it  with  a  gentle  heat.  By  this  means  the  Salt  rifes 
exceeding  pure  and  very  white  ;  becaufe  the  chalk  abforbs 
moft  of  its  Oil,  and  frees  it  therefrom.  He  adds,  that  Vo- 
latile Salt  thus  purified  may  be  kept  a  long  time,  and  will 
retain  all  its  whitenefs. 

if  a  Volatile  Alkali  thus  purified  be  combined,  to  the 
point  of  faturation,  with  an  Acid,  fuch  as  the  Marine  Acid 
for  inlbmce;  the  refult  of  this  union,  as  we  (hall  afterwards 
fee,  will  be  a  Sal  Ammoniac,  from  which  the  Volatile  Al- 
kali may  be  feparated  by  the  intervention  of  a  Fixed  Alkali. 
A  Volatile  Aikali  that  hath  paffed  through  all  thefe  trials 
will  then  be  in  the  higheft  degree  of  purity  that  Chymiftry 
can  bring  it  to,  and  appears  constantly  the  fame,  from  what- 
ever fubitauce  it  was  originally  obtained  :  which  proves  that 
if  Volatile  Alkalis,  extracted  from  difFerent  vegetable  and 
animal  fubftances,  feem  to  differ  from  each  other  in  feme' 

4  G  reflects, 
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refpe£hj  this  can  arife  only  from  the  heterogeneous  matters 
with  which  they  are  mixed ;  but  that,  at  bottom,  they  are  all 
conftituted  of  one  fmgle  principle,  which  is  conftantly  the 
fame,  and  exaclly  alike  in  them  all. 

It  is  of  the  lafl  confequence,  on  all  occafions  where  a 
Volatile  Alkali  is  to  be  diftilled  in  a  concrete  form,  to  make 
ufe  of  fubliming  veffels  with  very  large  necks,  that  it  may 
have  room  enough  to  make  its  way  to  the  receiver  with  eafe; 
for  otherwife  it  may  choak  up  the  paffage,  and  burft  the 
veffels. 


PROCESS      II. 

Volatile  Alkalis  combined  with  Acids.     Sundry  Ammoniacal 
Salts.     Sal  Ammoniac. 

ON  a  Volatile  Spirit  or  Salt  pour  gradually  any  Acid 
whatever.  An  effervefcence  will  arife,  and  be  more 
or  lefs  violent  according  to  the  nature  of  the  Acid.  Go  on 
adding  more  Acid  in  the  fame  manner,  till  no  effervefcence 
be  thereby  excited,  or  at  leaft  till  it  be  very  fmall.  The  li- 
quor will  now  contain  a  femi-volatile  Neutral  Salt,  called 
an  Ammoniacal  Salt  ;  which  may  be  obtained  in  a  dry  form 
by  cryftallizing  as  ufual,  or  by  fubliming  it  in  clofe  veffels, 
after  the  fuperfluous  moifture  hath  been  drawn  off. 

OBSERVATIONS. 

Volatile  Alkalis  have  the  fame  properties  with  Fixed 
Alkalis,  fixity  only  excepted  :  lb  that  a  Volatile  Alkali  muft 
produce  an  effervefcence  when  mixed  with  Acids,  and  form 
therewith  Neutral  Salts,  differing  from  each  other  in  nothing 
but  the  nature  of  the  Acid  in  their  compofition. 

It  muft  be  obferved,  that,  on  this  occafion,  the  point  of 
faturation  is  very  difficult  to  hit;  owing  probably  to  the  Vo- 
latility of  the  Alkali,  which,  being  much  lighter  than  the 
Acid,  tends  always  to  poffefs  the  uppermoft  part  of  the  mix- 
ture, while  the  Acid  fmks  to  the  bottom  :  whence  it  comes 
to  pafs,  that  the  lower  part  of  the  liquor  is  fometimes  over- 
charged with  Acid,  while  the  upper  part  is  (till  very  Alka- 
line. But  it  is  mod:  eligible  that  the  Alkali  fhculd  predo- 
minate in  the  mixture-,  becaufe  the  excefs  of  this  principle 
eafily  flies  off,  while  the  moifture  is  evaporating,  in  order  to 
the  cryftallization  or  fublimation  of  the  Ammoniacal  Salt; 

which 
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which  being  only  femi-volatile  refills  the  heat  longer,  and  re- 
mains perfectly  Neutral. 

If  the  Vitriolic  Acid  be  combined  with  a  Volatile  Alkali, 
and  the  mixture  diftilled  in  a  retort  to  draw  off  the  fuper- 
lluous  moifture,  a  liquor  comes  over  into  the  receiver,  which 
fmells  ftrong  of  a  Sulphureous  Acid.  Now,  as  the  Acid 
of  Vitriol  never  becomes  fulphureous,  but  when  it  is  com- 
bined with  an  inflammable  matter,  this  experiment  is  one  of 
thofe  which  demonstrate  that  Volatile  Alkalis  contain  a  very 
fenfible  quantity  of  inflammable  matter.  This  fame  liquor 
taftes  of  an  Ammoniacal  Salt;  which  proves  that  it  carries 
up  with  it  fome  of  the  Neutral  Salt  contained  in  the  mix- 
ture. The  reft  of  this  Salt,  which  is  called  Glauber's  Secret 
Sal  Ammoniac,  or  Vitriolic  Sal  Ammoniac,  fublimes  into  the 
neck  of  the  retort.  It  is  very  pungent  on  the  tongue ;  it 
crackles  a  little  when  thrown  on  a  red  hot  fhovel,  and  then 
flies  off  in  vapours. 

The  Ammoniacal  Salt  formed  by  the  Acid  of  Nitre  exhi- 
bits much  the  fame  phenomena  ;  but  it  requires  greater  care 
in  drying  and  fubliming  it,  becaufe  it  hath  the  property  of 
detonating  all  alone,  without  the  addition  of  any  other  in- 
flammable matter :  and  it  will  infallibly  do  fo,  if  too  ftrong 
a  fire  be  applied  towards  the  end  of  the  operation,  when  it 
begins  to  be  very  dry.  This  property  of  detonating  by  it- 
felf  it  derives  from  the  inflammable  matter  contained  in  the 
Volatile  Alkali  which  ferves  for  its  bafis :  and  this  is  ano- 
ther demon ftrative  proof  of  the  exiftence  of  fuch  an  inflam- 
mable matter  in  the  Volatile  Alkali.  This  Salt  is  called 
Nitrous  Sal  Ammoniac. 

With  the  vegetable  Acids,  that  of  Vinegar  for  inftance, 
is  formed  an  Ammoniacal  Salt  of  a  Angular  nature,  and 
which  can  fcarce  be  brought  to  a  dry  form. 

A  Volatile  Alkali,  combined  to  the  point  of  faturation 
with  the  Acid  of  Sea-falt,  forms  another  Neutral  Salt,  which 
takes  a  concrete  form  either  by  Sublimation  or  cryftalliza- 
tion.  The  cryftals  of  this  Salt  are  fo  very  foft  and  fine,  that 
a  parcel  of  it  looks  like  cotton  or  wool.  This  is  the  Salt  pro- 
perly called  Sal  Ammoniac.  It  is  of  great  ufe  in  Chymiftry 
and  in  manufa&ures :  but  that  which  is  daily  confumed  in 
great  quantities  is  not  made  in  the  manner  above  mentioned. 
It  would  come  extremely  dear  if  we  had  no  other  way  of  pro- 
curing it,  but  by  forming  it  thus  with  the  Acid  of  Sea-falt 
and  a  Volatile  Alkali.  This  Salt,  or  at  leaft  the  materials 
of  which  it  is  formed,  may  be  found  in  the  fuliginofities  and 
foots  of  moft   animal,  and  of    fome   vegetable' fubfrances. 

4  G  2  Th.e 
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The  greateft  part  of  what  we  ufe  comes  from  Egypt,  where 
vafl:  quantities  thereof  are  made. 

The  method  of  preparing  Sal  Ammoniac  in  Egypt  was 
not  known  among  us,  till  MeiT.  Lemaire  and  Granger,  two 
of  the  Academy's  correfpondents,  gave  in  feveral  Memoirs 
in  which  that  bufmefs  is  defcribed  with  great  accuracy, 
from  their  own  view  on  the  fpot.  Their  Memoirs  inform 
us,  that  chimney-fopt  alone,  without  any  additament,  is  the 
matter  from  which  they  obtain  their  Sal  Ammoniac  ;  that 
thofe  chimneys  under  which  nothing  is  burnt  but  Cow's- 
dung  furnim  the  bell  Soot.  Six  and  twenty  pounds  of  that 
Soot  yield  ufually  fix  pounds  of  Sal  Ammoniac. 

"  The  operation  takes  up  about  fifty,  or  two  and  fifty 
cc  hours.  The  vefiels  in  which  they  put  the  foot  are  ballons 
"  of  very  thin  glafs,  terminating  in  a  neck  of  fifteen  or  fix- 
«  teen  lines  long,  and  an  inch  in  diameter  :  but  they  are  not 
"  all  of  the  fame  fize.  The  lead  contain  twelve  pounds  of 
«  Soot,  and  the  greateil  fifty ;  but  they  fill  them  only  three 
**  quarters  full,  in  order  to  leave  room  for  the  fublimation 
«  of  the  Salt. 

<*  The  furnace,  in  which  they  place  thefe  ballons,  confifts 
<c  of  four  walls,  built  in  a  quadrangular  form.  The  two 
*c  front  walls  are  ten,  and  the  fides  nine  feet  long  :  but  they 
H  are  all  five  feet  high,  and  ten  inches  thick.  Within  the 
f*  quadrangle  formed  by  thefe  walls  three  arches  run  length- 
*<  wife  from  end  to  end  thereof,  at  the  diftance  of  ten  inches 
4t  afunder.  The  mouth  of  this  furnace  is  in  the  middle  of. one 
"  of  its  fronts,  and  of  an  oval  form  ;  two  feet  four  inches 
"  high,  and  fixteen  inches  wide. 

*S  The  ballons  lie  in  the  fpaces  between  the  arches  of  the 
"  furnace,  which  ferve  inftead  of  a  grate  to  fupport  them. 
«l  Four  of  them  are  ufually  placed  in  each  interval  ;  which 
(i  makes  fixteen  for  one  furnace.  They  are  fet  at  the  dif- 
«<  tance  of  about  half  a  foot  from  each  other,  and  fecured 
"  in  their  places  with  brick  and  earth.  But  they  leave  about 
(i  four  inches  on  the  upper  part  of  the  ballon  uncovered, 
*«  with  a  view  to  promote  the  fublimation,  as  they  alfo  do 
"  fix  inches  of  the  inferior  part,  that  the  heat  may  the 
6i  better  acl  on  the  matters  to  be  fublimed.  Things  being 
«<  thus  prepared  they  firft  make  a  fire  with  draw,  which 
«  they  continue  for  an  hour.  Afterwards  they  throw  in 
«  Cow's-dung  made  up  in  fquare  cakes  like  bricks.  (The 
l<  want  of  wood  in  this  country  is  the  reafon  that  they  generally 
«{  make  ufe  of  this  fuel),  thefe  cakes  of  dung  add  to  the 
W  violence  of  the  fire,  which  they  continue  in  this  manner 
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«  for  nineteen  hours;  after  which  they  increafe  it  confidcr- 
«  ably  for  fifteen  hours  more;,  and  then  they  ilacken  it  by 
«  little  and  little. 

"  When  the  matter  contained  in  the  vefTels  begins  to 
*<  grow  hot,  that  is,  after  fix  or  (even  hours  baking,  it  e- 
«£  mits  a  very  thick  and  iil-fcentcd  fmoke,  which  continues 
"  for  fifteen  hours.  Four  hours  after  that,  the  Sal  Ammo- 
«  niac  is  obferved  to  rife  in  white  flowers,  which  adhere  to 
"  the  infide  of  the  neck  of  the  vevTel  5  and  thofe  who  have 
«  the  direction  of  the  operation  take  care,  from  time  to 
iS  time,  to  pafs  an  iron  rod  into  the  neck  of  the  ballon,  in 
H  order  to  preferve  a  pafTage'  through  the  faline  vault,  for 
"  giving  vent  to  fome  blueilTi  vapours,  which  constantly  if- 
f*  fue  out  of  the  veiTel  during  the  whole  operation," 

From  this  hifiory  of  the  preparation  of  Sal  Ammoniac  it 
appears  that  Soot,  and  particularly  the  Soot  of  animal  mat- 
ters, either  contains  abundance  of  this  Salt  perreclly  form- 
ed, and  waiting  only  for  fublimation  to  feparate  it  there- 
from, or,  at  lead,  that  it  contains  the  proper  materials  for 
forming  it ;  and  that  during  the  operation,  which  is  a  kind 
of  diftillation  of  Soot,  theie  materials  combine  together  and 
fublime. 

We  (hewed,  in  our  analyfis  of  Soot,  that  this  fubmmee 
yields  by  diftillation  a  great  deal  of  Volatile  Alkali;  and 
this  is  an  ingredient  which  makes  at  leafi  one-half  of  Sal 
Ammoniac.  As  to  the  ether  principle  of  this  Salt,  I  mean 
the  Marine  Acid,  this  alfo  mull  needs  exiit  in  Soot:  but  k 
is  not  fo  eafy  to  conceive  how  it  fnould  come  there. 

It  is  very  true  that  vegetable  and  animal  fubfiances,  the: 
only  ones  that  produce  Soot  in  burning,  contain  fome  por- 
tion of  Sea-falt:  but  then  this  Salt  is  very  fixed,  and  feeir,$ 
unfit  to  rife  with  the  Acid,  the  Oil,  and  the  fubtile  Earth, 
of  which  the  Volatile  Alkali  is  formed.  Therefore  we 
mud  fuppofe  either  that  its  elevation  is  procured  by  the  force 
of  the  fire,  aided  by  the  volatility  of  the  matters  that  ex- 
hale in  burning;  or  that,  being  decomposed  by  the  violence 
of  the  combuftion,  its  Acid  alone  rifes  with  the  other  prin- 
ciples above-mentioned.  The  latter  feems  probable  $*N31igh  : 
for  though  in  the  common  operations  of  Chyrniitry  the  bare 
force  of  fire  doth  not  feem  fufficient  to  decompefe  Sea  fait  ; 
yet  the  example  of  Sea-plants,  which,  before  burning,  con- 
tain this  Salt  in  abundance,  and  whole  allies  contain  fcarce 
any  at  all,  but  are  replete  with  its  fixed  part,  that  is,  with 
its  Alkaline  bafis,  feems  to  prove  tha^,  when  this  Salt  is  in- 
timately   mixed  with   inflammable   matters,  it  may  be  de- 
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ft  roved  by  burning;  fo   that  its   Acid  fhall   defert  its  bafis, 
and  fly  off  with  the  Soot. 

Before  the  exacl:  method  of  procuring  Sal  Ammoniac  was 
known,  it  was  generally  imagined  that  the  manufacturers, 
mixed  Sea-falt,  and  even  Urine,  with  the  Soot;  becaufe 
•thefe  two  fubftances  contain  the  principles  of  which  this  Salt 
coniifts.  But,  befides  that  the  contrary  now  certainly  ap- 
pears from  the  above-mentioned  Memoirs,  it  hath  been  fhewn 
by  Mr.  Duhamel,  who  hath  publifhed  feveral  Memoirs  and 
experiments  concerning  the  compofition  and  decompofition 
of  Sal  Ammoniac,  from  which  we  have  partly  taken  what 
we  have  already  faid  on  this  fubjecl:,  and  which  will  furnifh 
tis  with  feme  mere  curious  obfervations;  it  hath  been  fhewn, 
I  fay,  in  the  firff.  of -Mr.  Duhamel's  Memoirs,  printed  with 
thofe  of  the  Academy  for  1735,  that  the  addition  of  Sea- 
falt  to  the  Soot,  from  which  Sal  Ammoniac  is  to  be  extract- 
ed, contributes  nothing  to  its  production,  and  cannot  increafe 
its  quantity.  That  alone,  therefore,  which  was  originally 
contained  in  the  matters  that  produced  the  Soot,  enters  as  a 
principle  into  the  compofition  of  Sal  Ammoniac.  We  ob- 
served alfo,  in  treating  of  the  analyfis  of  Soot,  that  Mr. 
Boerhaave  obtained  from  it  a  confiderable  quantity  of  an  Am- 
monical  Salt  without  any  additament. 

Sal  Ammoniac  is  fometimes  found  perfectly  formed  in  the 
neighbourhood  of  Volcanoes.  This  Salt  is  probably  produ- 
ced from  the  fuliginofities  of  vegetable  or  animal  matters  con- 
fumed  by  the  fire  of  the  Volcano. 

Sal  Ammoniac  is  often  impure,  becaufe  it  carries  up  with 
it,  in  fubiimation,  fome  of  the  black  charred  matter  which 
ought  to  be  left  at  the  bottom  of  the  veffel :  but  it  is  eafily 
purified.  For  this  purpofe  you  need  only  diffolve  it  in  wa- 
ter, filter  the  folution,  then  evaporate  and  cryftallize  ;  by 
which  means  you  will  have  a  very  white  and  very  pure  Sal 
Ammoniac.  You  may,  if  you  pleafe,  fublime  it  again  in  a 
cucurbit  and  blind  head,  with  a  fire  not  too  brifk.  Some  of  it 
will  rife  in  the  form  of  a  light  white  powder,  called  Flowers 
of  Sal  Ammoniac.  Thefe  Flowers  are  no  other  than  true  Sal 
Ammoniac,  which  hath  fufFered  no  decompofition ;  becaufe 
the  bare  action  of  fire  is  not  capable  of  feparating  the  Acid 
and  the  Volatile  Alkali,  of  which  this  Neutral  Salt  confifts. 
When  you  intend  to  decompofe  it,  you  muit  ufe  the  means 
to  be  mentioned  hereafter. 

Though  Sal  Ammoniac  be  only  femi-volatile,  and  requires 
3  confiderable  heat  to  fublime  it,  yet  it  hath  the  property  of 
carrying  up  with  it  matters  that  are  very  fixed  and  ponderous; 
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fuch  as  metallic  fubitances,  and  fome  kinds  of  earths.  For 
medicinal  uies  we  fublime  therewith  Iron,  Lapis  Hzematites, 
the  Copper  in  blue  Vitriol,  &c.  and  then  it  takes  different 
names,  as  Martial  Flowers  of  Sal  Ammoniac,  Ens  veneris, 
and  other  fuch  denominations,  which  it  borrows  from  the 
matters  fublimed  with  it. 


PROCESS     IIL 

Sal  Ammoniac  decompounded  by  Acids, 

INTO  a  large  tubulated  glafs  retort  put  a  fmall  quantity 
of  Sal  Ammoniac  in  powder :  fet  your  retort  in  a  fur- 
nace, and  lute  on  a  large  ballon,  as  in  the  diftillation  of  the 
fmoaking  Acids  of  Nitre  and  Sea-falt.  Through  the  hole 
in  your  retort  pour  a  quantity  of  Oil  of  Vitroil,  or  Spirit  of 
Nitre,  equal  in  weight  to  your  Sal  Ammoniac.  An  effer- 
vefcence  will  inftantly  follow.  The  mixture  will  fwell,  and 
difcharge  white  vapours,  which  will  come  over  into  the  re- 
ceiver. Stop  the  hole  in  the  retort  immediately,  and  let  the 
firft  vapours  pafs  over,  together  with  feme  drops  of  liquor, 
which  will  diftil  without  fire.  Then  put  a  few  coals  into  the 
furnace,  and  continue  the  diftillation  with  a  very  gentle  heat; 
which  however  mud  be  increafed,  little  by  little,  till  nothing 
more  will  come  off.  When  the  operation  is  finished,  you 
will  find  in  the  receiver  a  Spirit  of  Salt,  .if  you  made  ufe  of 
Oil  of  Vitroil ;  or  an  Aqua  regis,  if  Spirit  of  Nitre  was  em- 
ployed :  and  in  the  retort  will  be  left  a  faline  mafs,  which 
will  be  either  a  Glauber's  Secret  Sal  Ammoniac,  or  a  Ni- 
trous Sal  Ammoniac,  according  to  the  nature  of  the  Acid 
ufed  to  decompound  the  Sal  Ammoniac. 

OBSERVATIONS, 

Sal  Ammoniac,  which  confifts  of  the  Marine  Acid  unit- 
ed to  a  Volatile  Alkali,  is,  with  refpe£t  to  the  Vitriolic  and 
Nitrous  Acids,  jufl:  the  fame  as  Sea-falt  is  with  refpecr,  to 
thofe  Acids  •,  that  is,  the  Vitriolic  and  Nitrous  Acids,  hav- 
ing a  greater  affinity,  than  the  Marine  Acid,  with  Volatile 
as  well  as  Fixed  Alkalis,  will  decompound  the  Sal  Ammo- 
niac, by  expelling  the  Acid  from  its  bafis,  and  aiTuming  its 
place,  juft  as  they  do  with  regard  to  Sea-falt.  Moft  there- 
fore of  what  was  laid  concerning  the  decompofition  of  Sea- 
falt, 
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fait,  awd  the  diftillation  of  its  Acid,  by  the  two  other  Acids, 
in  nit  bt  applied  here. 

We  mall  only  obferve,  that,  when  the  Acid  of  Sal  Am- 
moniac is  to  be  di Hilled  from  it  by  the  interpofition  of  the 
Vitriolic  or  Nitrous  Acid,  great  care  mud  be  taken  to  put 
but  a  very  fmall  quantity  of  this  Salt  into  the  retort ;  efpe- 
rially  if  the  Acids  to  be  added  are  concentrated  :  for,  as  fcon 
as  they  mix  with  the  Sal  Ammoniac,  a  great  effervefcence 
ariies,  and  the  mixture  fwells  to  fuch  a  degree,  that,  unlefs 
the  quantity  in  the  retort  be  very  fmall,  it  may  run  over  al- 
together into  the  receiver.  It  is  alfo  proper  to  take  notice, 
that  this  operation  admits  of  but  a  fmall  degree  of  heat,  for 
two  reafons ;  firft,  becaufe  the  Acid  of  the  Sal  Ammoniac, 
being  very  eafiiy  diflodged  by  an  Acid  ftronger  than  itfelf, 
riles  alio  very  eafiiy ;  fecondly,  becaufe  the  Sal  Ammoniac 
•which  is  to  be  decompounded,  as  well  as  the  Ammoniacal 
Salts  which  refult  from  its  decompofuion,  are  femi- volatile, 
end  will  fublime  in  fubftance  if  they  be  expofed  to  the  fm  all- 
eft  excefs  of  heat.  Moreover,  the  Nitrous  Sal  Ammoniac 
wetilri  be  in  danger  of  taking  fire  and  exploding,  for  a  rea- 
ion  frequently  mentioned  above. 

The  Nitrous  Sal  Ammoniac  may  be  decompounded,  as 
well  as  Sal  Ammoniac,  by  the  Vitriolic  Acid.  But,  as  the 
Nitrous  Acid  contained  in  the  Salt  is  the  firongeit  of  all 
Acids  next  to  the  Vitriolic,  no  ether  Acid  but  this  is  able 
to  expel  it  from  its  bans;  in  which  refpect  this  Salt  refem- 
bles  Nitre. 

Initead  of  employing  the  Acids  of  Vitriol  and  Nitre  to 
decompound  Sal  Ammoniac,  we  might  make  ufe  of  Neu- 
tral Salts  confifting  of  thefe  Acids  combin  d  with  metallic  or 
earthy  bafes  :  but  then,  as  this  decomposition  cannot  be  ef- 
fected  without  a  greater  degree  of  heat,  there  is  reaibn  to 
apprehend  that  fome  of  the  Sal  Ammoniac  would  be  thereby 
iubiimed,  before  it  could  be  decompounded. 


PROCESS     IV. 

Sal    Ammoniac    decompounded^  by    Fixed   Alkalis.       Volatile 
Salt.     The  Febrifuge  of  Sylvius 

INTO  a  glafs  alembic  or  retort  put  Sal  Ammoniac   and 
JL   Salt  of  Tartar,  pulverized  and   mixed  together  in  equal 
quantities.     Set  your  veiTei  in  a  proper  furnace,  and  imme- 
diately 
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diately  Ilite  on  a  large  receiver.  A,  little  volatile  Spirit  will 
afcend  ;  and  a  volatile  Alkali,  in  a  concrete  form,  very- 
white  and  beautiful,  will  fublime  into  the  head,  and  come 
over  into  the  receiver,  in  quantity  near  two  thirds  or  three 
fourths  of  the  Sal  Ammoniac  ufed.  Continue  the  diftilla- 
tion,  increaun^  the  fire  by  degrees,  till  nothing  more  will 
fublime.  Then  unlute  the  vefiels.  Put  up  your  Volatile  Salt 
immediately  into  a  wide-mouthed  bottle,  and  flop  it  clofe 
with  a  cryftal  ftopple.  At  the  bottom  of  the  retort,  or  cu- 
curbit, you  will  find  a  fallne  mafs,  which,  being  diffolved 
and  cryftallized,  will  form  a  Salt  nearly  cubical,  having  the 
tafte  and  other  properties  of  Sea-fa3t.  This  is  the  Sal  Febri- 
fugum  Sylvii. 

OBSERVATIONS. 

This  decomposition  of  Sal  Ammoniac  is  the  reverfe  of 
that  in  the  preceding  procefs.  In  the  former  operation  it 
was  (hewn  that  the  Acid  of  Sal  Ammoniac  may  be  feparat- 
ed  from  its  bafis,  by  applying  to  that  bafis  a  ftronger  Acid : 
in  the  prefent  operation,  on  the  contrary,  the  bafis  of  this 
Salt  is  feparated  from  its  Acid,  by  preferring  to  that  Acid  a 
Fixed  Alkali,  wherewith  it  hath  a  greater  affinity  than  with 
the  Volatile  Alkali  which  ferves  it  for  a  bafis. 

The  action  of  Fixed  Alkalis  upon  Sal  Ammoniac  is  fo  vi- 
gorous and  fudden,  that,  as  foon  as  thefe  two  matters  are 
mixed  together,  the  Volatile  urinous  Salt  rufhes  out  with 
great  activity,  even  without  the  help  of  heat  5  fo  that  much 
of  it  will  be  loft,  if  care  be  not  taken  to  confine  the  mixture 
immediately  in  thofe  vellels  bv  means  of  which  it  is  to  be 
diftilled 

The  Volatile  Salt  obtained  by  this  operation  is  white, 
pure,  and  very  active ;  having  been  freed  from  the  greateft 
part  of  its  fuperfluous  fat  matter,  both  by  the  union  it  had 
contracted  with  the  Marine  Acid,  and  by  the  Fixed  Alkali 
employed  to  feparate  it  therefrom.  This  Salt  is  fo  quick  and 
volatile,  that  if,  on  taking  out  the  receiver,  it  be  left  a  little 
too  long  expofed  to  the  air,  before  it  be  put  into  the  bottle 
in  which  it  is  to  be  kept,  a  great  deal  of  it  will  exhale  and  be 
loft.  For  the  fame  reafon  care  fhould  be  taken,  while  the 
veiTels  are  unluting,  that  the  vapour  of  this  Salt  do  not  ftrike 
the  organ  of  fmelling,  or  be  drawn  into  the  lungs  in  relpira- 
tion ;  for  it  affects  thofe  organs  lb  powerfully,  and  makes 
fuch  a  quick  impreflion  on  them,  that  the  operator  would  be 
in  danger  of  fuffocation.  Yet  it  is  of  great  fervice,  when 
4  H  cautioufly 
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cautioufiy  fmelled  to,  for  exciting  the  vibrations  of  the  Genus 
Nervofuni)  in  Apoplexies,  Fainting  fits,  and  Hyfterical  dis- 
orders. But  it  muft  always  be  adminiftered  with  great  cau- 
tion ;  for  it  hath  a  corrofive  quality,  and  is  no  lefs  cauftic 
than  a  Fixed  Alkali.  This  is  proved  by  applying  it  to  the 
bare  fkin,  and  keeping  it  on  by  means  of  a  pitch -plafter,  fo 
that  it  cannot  fly  off  in  vapours  :  for,  as  foon  as  it  begins  to 
grow  warm,  it  produces  on  the  fkin  a  fmarting  fenfation, 
like  that  of  burning,  attended  with  much  pain,  and  in  a  very 
fhort  time  makes  an  efchar  like  a  cauftic. 

The  Volatile  Spirit,  obtained  in  the  decompofition  of  Sal 
Ammoniac  by  a  Fixed  Alkali,  derives  its  origin  from  the 
Phlegm  contained  in  the  faline  matters  that  are  mixed  toge- 
ther on  that  occafion.  The  moifter  thofe  matters  are,  the 
more  Spirit  there  will  be.  This  alfo  is  very  active  and  pene- 
trating. But  as  it  owes  thefe  qualities  wholly  to  the  Volatile 
Salt  diflblved  in  it,  the  more  of  this  Spirit  comes  off,  the  lefs 
Salt  will  there  be. 

If  you  defire  to  have  much  Volatile  Spirit,  a  quantity  of 
water,  proportioned  to  the  quantity  of  Spirit  you  want,  muft 
be  mixed  with  the  Salts.  In  this  cafe  the  diftillation  begins 
with  a  humid  vapour,  which  coagulates  on  the  fides  of  the 
receiver  into  a  concrete  Salt,  almoft  as  foon  as  it  comes  over. 
There  rifes  afterwards  an  aqueous  vapour,  not  fo  faline  or 
Volatile  as  the  former.  This  liquor  diffolves  the  Salt  that 
was  coagulated  before ;  and,  if  the  water  added  was  in  fuffi- 
cient  quantity,  it  will  diffolve  the  Salt  entirely ;  otherwife  it 
•will  diffolve  but  a  part  thereof,  and  then  it  is  certain  that  the 
liquor  is  a  Volatile  Spirit  as  ftrongly  impregnated  with  Salt 
as  it  can  be.  The  reafon  why  the  liquor  that  rifes  firft  con- 
tains a  great  deal  more  Volatile  Salt  than  the  other,  in  fa 
much  that  it  coagulates  and  becomes  folid,  is  becaufe  the 
Volatile  Salt  rifes  in  diftillation  much  more  eafily  than 
water. 

In  whatever  manner  the  Volatile  Spirit  or  Salt  be  diftilled 
from  Sal  Ammoniac,  by  means  of  a  Fixed  Alkali,  we  al- 
ways find  at  the  bottom  of  the  retort,  or  cucurbit,  when 
the  operation  is  finimed,  a  new  Neutral  Salt  compounded  of 
the  Acid  of  the  Sal  Ammoniac,  and  of  the  Alkali  ufed  in 
the  diftillation.  If  the  Salt  of  Tartar  be  ufed,  this  new  Neu- 
tral Salt  will  be  perfectly  like  that  produced  by  combining 
this  Alkali  with  the  Acid  of  Sea-falt,  to  the  point  of  fatu- 
ration.  The  figure  of  the  cryftals  of  this  Salt,  though  much 
like  that  of  the  cryftals  of  Sea-falt,  is  neverthelefs  a  little 

diierent. 
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different.  However,  this  Salt  pofTefles  the  chief  properties 
of  Sea-falt.  It  bears  the  name  of  Sal  Febrifugum  Sylvii, 
becaufe  that  Phyfician  attributed  to  it  the  virtue  of  curing  in- 
termitting fevers.  But  its  title  to  this  virtue  is  very  doubt- 
ful, at  lead  in  this  country. 

If  the  Salt  of  Soda  be  ufed,  in  (lead  of  Salt  of  Tartar,  to 
decompound  Sal  Ammoniac,  a  Volatile  Spirit  and  Salt  will 
in  like  manner  be  obtained ;  and  the  Neutral  Salt  left  in 
the  retort,  after  diftillation,  will  be  a  true  regenerated  Sea- 
falt,  perfectly  like  native  Sea-falt ;  becaufe,  as  we  have  faid 
before,  the  Salt  of  Soda  is  of  the  fame  kind  with  the  natural 
bafis  of  Sea-falt;  and  the  inconfiderable  differences,  obferv- 
able  between  the  Sal  Febrifugum  and  Sea-falt,  can  be  attri- 
buted only  to  fuch  as  may  be  found  between  the  Alkaline 
bafes  of  thofe  two  Salts. 


PROCESS     V. 

Sal  Ammoniac  decompounded  by  Abforbent  Earths  and  Lime, 
The  Volatile  Spirit  of  Sal  Ammoniac.  Fixed  Sal  Ammo- 
niac.    Oil  of  Lime. 

LET  one  part  of  Sal  Ammoniac,  and  three  parts  of 
Lime,  flaked  in  the  air,  be  pulverized  feparately,  and 
expeditioufly  mixed  together.  Put  this  mixture  immediate- 
ly into  a  glafs  retort,  fo  large  that  half  of  it  may  remain 
empty.  Apply  thereto  a  capacious  receiver,  with  a  fmall 
hole  in  it  to  give  vent  to  the  vapours,  if  needful.  Let  your 
retort  ftand  in  the  furnace  about  a  quarter  of  an  hour,  with- 
out any  fire  under  it.  While  it  Hands  thus,  a  great  quanti- 
ty of  invifible  vapours  will  rife,  condenfe  into  drops,  and 
form  a  liquor  in  the  receiver.  Then  put  two  or  three  live 
coals  in  your  furnace,  and  gradually  increafe  the  fire  till  no 
more  liquor  will  rife.  Now  unlute  your  veiTels,  taking  all 
poffible  care  to  avoid  the  vapours,  and  quickly  pour  the  li- 
quor out  of  the  receiver  into  a  bottle,  which  you  mull  Hop 
with  a  cryftal  ftopple  rubbed  with  emery.  There  will  re- 
main, at  the  bottom  of  the  retort,  a  white  mafs,  confiding 
of  the  Lime  employed  in  the  diftillation,  together  with 
the  Acid  of  the  Sal  Ammoniac :  this  is  called  Fixed  Sal 
Ammoniac. 

4H2  QBSER- 
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OBSERVATIONS. 

In  our  Elements  of  the  Theory,  we  explained  how  we 
imagine  that  Lime  and  other  fubftances,  which,  according 
to  the  Table,  have  lefs  affinity  than  Volatile  Alkalis  with  A- 
cids,  are  neverthelefs  capable  of  decompounding  Sal  Am- 
moniac, by  uniting  with  its  Acid,  after  expelling  it  from  its 
bafis,  which  is  a  Volatile  Alkali.  To  recapitulate  our  opi- 
nion in  two  words  :  we  conceive  this  to  depend  on  the  fixed- 
nefs  of  thefe  earthy  and  metallic  additaments,  which  ena- 
bles them  to  refift  the  force  of  fire,  and  on  the  volatility  of 
the  bafis  of  Sal  Ammoniac,  which  proves  a  great  difadvan- 
tage  to  it  when  it  comes  to  ftruggle,  as  it  were,  with  thafe 
fixed  additaments,  aided  by  a  confiderable  degree  of  heat. 
We  ihall  only  obferve,  that  we  are  not  lingular  in  this  opi- 
nion, nor  indeed  did  we  deliver  it  as  a  new  one;  that  feve- 
ral  modern  Chymills  concur  with  us  therein,  and  particular- 
ly Mr.  Baron,  whom  we  have  already  mentioned  more  than 
once  on  the  fubject  of  Borax  ;  and  who,  we  think,  was  the 
firft  that  ever  took  particular  notice  of  it  in  print,  viz.  in  his 
Memoirs  on  Borax,  communicated  to  the  Academy  before 
the  publication  of  our  Elements.  For  the  explanation  of 
this  phenomenon,  therefore,  we  refer  to  thofe  Memoirs,  which 
are  actually  pubiimed,  and  to  what  we  have  already  faid  on 
the  fubjecl:  in  our  treatife  above-mentioned. 

Another  phenomenon,  which  is  equally  fingular  and  cu* 
rious,  furniihes  us  with  matter  for  feveral  reflections,  and 
gives  us  oceafion  to  relate,  in  tew  words,  the  refult  of  Mr. 
Buhamel's  mofl  iagacious  experiments  and  fpeculations  tend- 
ing to  difcover  the  caufe  thereof.  The  point  under  consi- 
deration is  the  different  forms  and  properties  which  the  Vo- 
latile Alkali  affurnes,  when  feparated  from  Sal  Ammoniac 
by  the  means  of  a  Fixed  Alkali,  and  by  the  means  of  Lime. 
We  know  that  the  former  is  always  in  a  concrete  form,  un- 
lefs  the  mixture,  from  which  it  is  diflilled,  be  abfolutely 
drenched  with  water ;  and  that  the  latter,  on  the  contrary, 
is  always  in  a  fluid  form,  and  conflantly  liquid,  whatever 
method  be  taken  to  diftil  it. 

Some  Chymifts  imagine,  that  the  Volatile  Salt  of  Sal 
Ammoniac  appears  in  a  concrete  form,  only  becaufe  it  ftiil 
contains  fome  Acid ;  whence  they  conclude  that  the  reafon 
why  no  concrete  Volatile  Salt  can  be  obtained  by  the  means 
of  Lime  is,  becaufe  it  abforbs  all  the  Acid  of  the  Sal  Am- 
moniac; which  is  not  the  cafe,  they  fay,  with  Fixed  Alka- 
lis,. Others  impute  the  conftant  fluidity  of  the  Volatile  Spi- 
rit 
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rit  of  Sal  Ammoniac,  obtained  with  Lime,  to  the  particles 
of  fire  which  they  fuppofe  communicated  thereto  by  that 
fubftance.  Mr.  Uuhamei  equally  rerutes  both  thefe  opini- 
ons, by  proving  from  experiments  that  Fixed  Alkalis  are  ca- 
pable of  abforbing  as  much  Acid  as  Lime  can,  and  ewa 
more;  and  that,  having  been  calcined  as  long,  and  with  as 
violent  a  fire,  as  Lime,  they  muft  contain  and  communicate 
as  many  particles  of  fire  ;  if  indeed  it  be  po(Tible  that  the 
particles  of  fire  mould  actually  be  lodged,  and  continue  irn- 
prifoned,  in  calcined  fubftances,  as  thefe  gentlemen  fuppofr. 
Yet  this  is  contrary  to  experience ;  feeing  the  Volatile  Salt 
dillilled  by  the  means  of  a  Fixed  Alkali,  though  ever  fo 
long  and  ever  fo  violently  calcined,  is  always  in  a  concrete 
form,  and  doth  not  refemble  the  Volatile  Spirit  of  Sal  Am- 
moniac prepared  with  Lime. 

In  order  to  throw  the  necefiary  lights  on  this  point,  Mr. 
Duhamel  had  recourfe  to  the  only  method  thr."  can  be  de- 
pended on  in  Natural  Philofophy  ;  namely,  Experiments* 
He  accordingly  made  feveral,  of  which  thefe  are  the  chief. 

Firft,  he  diftilled  a  Volatile  Salt,  by  the  means  of  well 
deficcated  Salt  of  Tartar,  and  Salt  of  Soda ;  and,  urging 
the  fire  with  great  violence  towards  the  end  of  the  operation, 
he  thus  obtained  a  quantity  of  Volatile  Salt  equal  to,  or  even 
exceeding,  that  of  the  Sal  Ammoniac  he  ufed  :  whence  he 
juftly  concluded  that,  on  this  occafion,  the  Volatile  Salt  car- 
ried up,  and  volatilized  fome  of  the  Fixed  Salt. 

Secondly,  he  found  upon  trial  that  the  Volatile  Spirit, 
obtained  from  Sal  Ammoniac  by  the  means  of  Lime,  ap- 
pears in  the  form  of  a  liquor,  only  becaufe  it  is  mixed  with 
fome  water  which  was  contained  in  the  Lime.  Of  this  truth 
he  had  the  following  decifive  proof :  having  attempted  to 
prepare  a  Volatile  Spirit  of  Sal  Ammoniac  ivith  Lime, 
which  had  not  been  flaked,  either  in  the  air  or  by  water,  he 
could  not  obtain  any  Volatile  Spirit  :  or,  at  kail,  the  quan- 
tity was  fo  fmall  that  it  might  be  reckoned  as  nothing;  and 
even  that  was  wholly  due  to  the  moifiure  which  Sai  Am- 
moniac necefiarily  contains,  together  with  that  which  Lime 
imbibes  from  the  air,  if  ever  fo  little  expofed  thereto. 

From  thefe  two  experiments  Mr.  Duhamel  draws  the  fol- 
lowing confequences  :  viz.  that  the  Volatile  Salt  cannot  be 
feparated  from  the  Sal  Ammoniac  and  fublimed,  without 
carrying  along  with  it  fome  of  the  additament  which  ferves 
to  extricate  it ;  or,  inftead  thereof,  fome  other  body  with 
which  it  is  capable  of  uniting:  that  Fixed  Alkalis  have  the 
property  of  being  thus  carried  up  by  the  Volatile  Alkali, 

and 
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and  fubliming  with  it :  that  the  cafe  is  not  the  fame  with 
Lime,  which  therefore  cannot,  when  alone,  feparate  and 
fublime  the  Volatile  Alkali  of  the  Sal  Ammoniac  5  but  be- 
comes capable  thereof  when  it  hath  imbibed  any  moifture, 
which  joins  with  the  Volatile  Salt,  and  rifes  therewith  in 
diftillation.  And  hence  it  muft  be  concluded,  that,  feeing 
the  Volatile  Salt  carries  up  with  it  fome  of  the  Fixed  Alkali, 
by  the  means  of  which  it  is  feparated,  it  will  be  in  a  con- 
crete form ;  what  it  car-its  up  along  with  it  being  dry  and 
folid  :  whereas,  when  it  is  d  if  til  led  with  Lime,  it  cannot  but 
be  liquid  ;  feeing  it  muft  needs  be  diffolved  by  the  moi- 
fture it  gets  from  the  Lime,  without  which  it  would  not 
rife. 

But  to  what  muft  we  attribute  thefe  effects  produced  by 
Lime,  fo  different  from  thoie  produced  by  Fixed  Alkalis  ? 
Are  they  owing  to  its  quality  of  Lime  ?  or  would  it  produce 
the  fame,  if  it  were  only  a  mere  Abforbent  Earth  ?  Mr.  Du- 
hamel  hath  anfwered  this  queftion  by  a  third  fort  of  experi- 
ment. He  tried  to  decompound  Sal  Ammoniac,  and  to 
feparate  its  Volatile  Alkali,  by  a  pure  Abforbent  of  Earth, 
without  mixing  any  water  with  it,  or  calcining  it. 

For  this  purpofe  he  made  ufe  of  Chalk  ;  and  his  experi- 
ment fucceeded.  By  means  of  this  additament  he  decom- 
pounded Sal  Ammoniac,  and  by  the  experiment  obtained 
the  lights  he  wanted.  The  Volatile  Alkali,  being  extricated 
by  the  dry  but  uncalcined  Chalk,  rofe  in^a  concrete  form, 
as  with  Fixed  Alkalis  ;  and  in  like  manner  carried  up  with 
it  fome  of  the  earthy  additament.  The  fame  Chalk  when 
calcined,  and  converted  into  Lime,  produced  the  very  effect: 
of  Lime  on  Sal  Ammoniac.  It  is  therefore  from  calcination 
alone  that  Abforbent  Earths  derive  the  property  of  retaining 
obftinately  the  Volatile  Alkali,  and  preventing  its  fublima- 
tion  by  refufing  to  rife  with  it  as  Fixed  Alkalis  do. 

Though  thefe  ingenious  experiments  evidently  furnifh  us 
with  great  lights,  for  difcovering  the  caufe  of  the  folidity  or 
fluidity  of  the  Volatile  Alkali,  when  feparated  from  Sal 
Ammoniac  by  different  additaments,  as  they  fully  determine 
feveral  preliminary  queftions  immediately  relating  thereto  ; 
yet  they  ftill  leave  us,  in  fome  meafure,  at  a  lofs  with  regard 
to  the  chief  point.  For  we  do  not  yet  know  why  Fixed  Al- 
kalis and  Abforbent  Earths,  which,  in  all  Chymical  trials, 
ihew  that  they  have  certainly  as  much  fixity  as  Lime,  are 
carried  up  by  the  Volatile  Alkali,  while  Lime  refifts,  inftead 
of  rifing  with  it  as  thofe  other  fubftances  do,  obftinately  re- 
gains it,  and  even  fixes  it  in  fome  meafure,  fo  that  it  is  im- 

poffible 
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poflible  for  it  to  fublime.  This  queftion,  in  my  opinion, 
depends  on  the  theory  of  Lime ;  nor  can  we  hope  to  refolve 
it  in  its  full  extent,  till  we  get  a  further  infight  inro  the  na- 
ture of  that  fingular  fubftance  than  we  have  at  prefent. 

On  this  fubjecl:,  however,  Mr.  Duhamel  hath  offered 
fome  conjectures,  founded  on  the  known  properties  of  Lime, 
and  fupported  by  experiments.  «  Lime,"  fays  he,  "  is  an 
"  earth  freed  by  calcination  from  almoft  all  its  humidity, 
M  almoft  all  its  Acid,  and  all  the  fat  it  contained ;  whether 
«  that  fat  came  from  fome  animal  parts,  as  is  the  cafe  of 
w  thofe  ftones  which  confift  of  (hells ;  or  whether  it  were  a 
**  bituminous  fat,  as  may  happen  to  be  the  cafe  with  fome 
M  others  :  this  fubftance  is  withal  acrid  and  fiery ;  it  is  very 
"  greedy  of  moifture,  and  imbibes  it  wben  expofed  thereto. 
"  It  abforbs  Acids,  and  retains  them  ftrongly  ;  and,  laftly, 
«  it  unites  with  fat  matters,  and  therewith  makes  a  kind  of 
«  foap." 

All  thefe  properties  are  verified  by  experiments  ;  and 
therefore  Mr.  Duhamel  thinks  he  hath  a  right  to  fay,  that 
Lime  a£b  not  only  on  the  Acid  of  Sal  Ammoniac,  but  alfo 
on  the  fatty  matter  which  always  accompanies  Volatile  Al- 
kalis, and  is  eftential  to  their  nature ;  and  therefore  it  de- 
compounds them.  Of  this  Mr  Duhamel  gives  the  follow- 
ing convincing  proof,  founded  on  experiment.  He  took 
fome  Volatile  Spirit  diftilled  with  Lime,  and  abftra&ed  it 
feveral  times  from  a  frefh  parcel  of  Quick-Lime.  The  quan- 
tity of  the  Spirit  diminifhed  fenfibly  every  time;  and  the 
Lime  was  at  laft  fo  replete  with  fat,  that  the  Vitriolic  Acid, 
when  poured  thereon,  became  very  fulphureous;  and  more- 
over, when  calcined  in  a  crucible,  it  emitted  a  very  percep- 
tible fmell  of  burnt  greafe. 

Indeed  Fixed  Alkalis  are  alfo  capable  of  abforbing  and 
retaining  fat  matters;  but  not  near  fo  ftrongly  as  Lime:  be- 
caufe  thefe  Salts  are  never  entirely  freed  from  that  which  they 
contain  originally ;  whereas  Lime  feems  much  poorer,  and 
abfolutely  void  of  any  oily  matter. 

On  thefe  principles  Mr.  Duhamel  refolved  to  try  if  he 
could  not  obtain  a  Volatile  Alkali  in  a  concrete  form,  by 
diftilling  the  Volatile  Spirit  from  Lime,  brought  nearly  to 
the  condition  of  a  Fixed  Alkali,  by  imbibing  a  portion  of  fat 
matter.  With  this  view  he  diftilled  a  great  quantity  of  Vo- 
latile Spirit  from  a  little  Lime,  and  actually  obtained  a  fmall 
portion  of  Volatile  Salt ;  becaufe  the  great  quantity  of  Vo- 
latile Spirit  had,  in  fome  meafure,  faturated  the  Lime  with 
fat  matter. 

Mr, 
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Mr.  Duhamel  tried  alfo  to  bring  Lime  back  to  the  condi- 
tion of  a  pure  Abforbent  Earth,  to  decalcine  it,  if  I  may  ufe 
the  term  ;  in  order  to  try  whether  he  could  not  by  this  means 
make  it  produce  the  fame  effect  as  Chalk.  For  this  purpofe 
Ire  lixiviated  fome  Lime  four  months  fucceffively,  pouring 
every  day  frefh  water  on  it,  and  removing  that  of  the  pre- 
ceding day,  together  with  the  cryftalline  cruft  which  always 
formed  on  it;  and  after  leaving  this  Lime  two  years  in  the 
fbade,  he  applied  it  to  Sal  Ammoniac.  It  produced  a  mo- 
derate quantity  of  Volatile  Salt,  which  was  very  tranfparent. 
and  feemed  to  be  cryftallized  in  cubes.  Thus  we  fee  Lime 
rendered  very  like  Chalk.  Yet  it  was  pretty  acrid  on  the 
tongue,  and  the  Volatile  Salt,  obtained  by  its  means,  was 
more  difpofed  to  run  into  a  liquid  than  that  feparated  by 
Chalk  :  which  fhews  that  this  Lime  ftill  retained  fome  part 
of  its  former  character,  and  that  its  transformation  was  not 
complete. 

To  conclude  what  relates  to  the  Volatile  Alkali  of  Sal 
Ammoniac,  it  only  remains  that  we  fay  a  word  or  two  of 
that  portion  of  the  earthy  or  faline  additament,  which,  though 
fixed  in  its  nature,  fublimes  neverthelefs  with  the  Volatile 
Alkali,  and  gives  it  a  concrete  form. 

Mr.  Duhamel,  who,  in  every  fubje£t  that  he  handles,  o- 
mirs  nothing  worthy  of  attention,  made  feveral  other  expe- 
riments, with  a  view  to  difcover  whether  or  no  the  Salt  of 
Tartar,  and  the  Chalk,  carried  up  by  the  Volatile  Alkali,  be 
truly  volatilized  ;  and  whether  or  no  there  be  fuch  a  iirict 
imion  contracted,  between  the  Urinous  Salt  and  thefe  fixed 
fubftances,  that  the  whole  refults  in  what  is  cabled  a  Concrete 
Volatile  Salt ;  or  if  thefe  fixed  fubftances  be  united  but  fu- 
perhcially  with  the  Urinous  Salt,  which  only  carries  them. 
tap  along  with  itfelf  in  fublimation,  as  Sal  Ammoniac  car- 
ries up  feveral  very  fixed  metallic  matters. 

The  refult  of  the  experiments  made  by  Mr.  Duhamel  for 
this  purpofe  is,  that  the  fixed  fubftances  carried  up  by  the 
Volatile  Alkali  of  the  Sal  Ammoniac  are  actually  volatiliz- 
ed ;  that  they  make,  as  it  were,  one  whole  with  it ;  and  are 
fo  clofely  combined  therewith,  that  almoft  all  the  moft  effi- 
cacious means  of  feparating  fixed  from  volatile  matters  are 
unfuccefsfui  with  regard  thereto.  Nothing,  for  inftance,  is 
fitter  to  feparate  a  volatile  fubftance  from  a  fixed  one,  than 
to  mix  the  compound  with  a  great  quantity  of  water,  and  to 
diftil  the  whole,  with  fuch  a  degree  of  heat  as  fhall  be  ex- 
actly fuffieient  to  elevate  the  volatile  part.  In  this  manner 
Mr.  Duhamel  treated   Volatile   Alkalis  replete  with   Fixed 
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Salt,  and  with  Chalk :  but  though  he  applied  no  more  than 
the  gemleft  degree  of  heat ;  nay,  expofed  his  mixture  to  the 
air  only,  fearing  left  he  mould  make  the  heat  too  ftrong  if 
he  ufed  fire;  yet  the  fixed  part,  which  the  Volatile  Salt  had 
carried  up  with  it,  continued  ftill  united  therewith ;  fo  that 
the  whole  patted  over  in  diftillation,  or  was  diflipated  by  eva- 
poration, without  leaving  any  thing  fixed  at  the  bottom  of 
the  veffel. 

He  alfo  juftly  looked  on  Acids  as  an  effectual  means  of 
procuring  the  feparation,  or  decompofition,  he  was  in  quell 
of.  We  know  that,  with  the  Volatile  Alkali,  they  form 
Ammoniacal  Salts,  which,  though  they  are  not  fo  light  as 
the  Volatile  Alkali,  fublime  neverthelefs  with  a  moderate 
heat ;  and  that,  on  the  contrary,  the  fame  Acids  with  Fixed 
Alkalis,  or  Abforbent  Earths,  form  Neutral  Salts,  which 
refift  the  violence  of  fire.  On  this  principle  Mr.  Duhamel 
poured  Acids,  to  the  point  of  faturation,  upon  Volatile  Al- 
kalis containing  much  Fixed  Alkali,  or  Chalk.  But  this 
experiment  fucceeded  no  better  than  the  foregoing  ;  for  the 
mixture  being  put  to  dift.il,  fublimed  wholly  in  Sal  Am- 
moniac. Indeed  a  little  fixed  matter  was  left  at  the  bottom 
of  the  retort  5  but  the  quantity  thereof  was  too  fmall  to  me- 
rit notice. 

At  laft,  the  only  way  Mr.  Duhamel  could  think  of,  for 
feparating,  from  a  Concrete  Volatile  Alkali,  the  fixed  parts 
which  that  Salt  had  rendered  Volatile,  was  to  expofe  it  to 
the  air,  covered  with  a  piece  of  gauze  only ;  but  in  its  dry 
ftate,  without  difiblving  it  in  water.  The  Volatile  Urinous 
Salt  was  by  this  means  diflipated  ;  having  deferted  the  fixed 
part,  which  remained  at  the  bottom  of  the  bafon,  and,  be- 
ing expofed  to  the  fire,  retained  its  fixed  nature.  But  it 
took  more  than  a  year  to  effect  this  feparation  ;  nor  are  we 
fure  that  it  was  complete ;  for  it  is  not  certain  that  a}l  the 
fixed  part  was  left  behind,  and  that  fome  of  it  was  not  difli- 
pated with  the  Volatile  Urinous  Salt. 

This  volatilization,  this  kind  of  metamorphofis  of  a  Fixed 
Alkali  and  an  Abforbent  Earth  into  a  Volatile  Alkali,  is  a 
very  curious  phenomenon,  and  deferves  to  be  confidered  by 
the  beft  Chymifts. 

We  (hall  finilh  our  obfervations  on  the  decompofition  of 
Sal  Ammoniac  by  Lime,  with  fome  reflections  on  the 
nature  of  the  caput  mortuum  that  remains  after  this  diftil- 
lation. 

This  refiduum  is  only  Lime  impregnated,  but  not  faturat- 
ed,  with  the  ^cid  of  Sea-falt.     If  the  diftillation  be  urged 
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at  laft  with  a  violent  fire,  the  caput  mortuum  will  be  found 
formed  into  a  mafs,  feeming  to  have  been  half-melted.  This 
matter  is  a  kind  of  Phofphorus,  and  emits  light  in  the  dark, 
when  (truck  with  any  hard  body.  Mr.  Homberg  was  the 
firft  who  difcovered  it  to  have  this  property.  Having  cal^ 
cined,  and  melted  together  in  a  crucible,  one  part  of  Sal 
Ammoniac  and  two  parts  of  Lime,  with  a  defign  to  fix  that 
Salt,  he  obferved  the  mafs  remaining  after  the  fufion  to  have 
the  property  juft  mentioned. 

Lime,  thus  impregnated  with  the  Acid  of  Sal  Ammo- 
niac, is  very  improperly  called  by  the  name  of  Fixed  Sal 
Ammoniac.  This  compound  attracts  the  moifture  of  the  air, 
and  even  runs  wholly  into  a  liquid,  if  it  be  impregnated 
with  much  Acid.  It  hath  almoft  all  the  properties  of  Fixed 
Alkalis.  This  liquid  is  called  Oil  of  Lime,  for  the  fame 
reafon  that  dejiq^uated  Salt  p|  Tartar  is  called  Oil  of  Tar* 
tar. 


PROCESS     VI. 

Volatile  Alkalis  combined  -with  Oily  matters*     A  Volatile  Oify 
Aromatic  Salt. 

PULVERISE  and  mix  together  equal  parts  of  Sal  Am- 
moniac and  Salt  of  Tartar  :  put  the  mixture  into  a 
glafs  or  ftone  cucurbit  :  pour  on  it  good  Spirit  of  Wine,  till 
it  rife  half  an  inch  above  the  matter.  Mix  the  whole  with 
a  wooden  fpatula ;  apply  a  head  and  a  receiver,  and  diftil  in 
a  fand-bath,  gently  heated,  for  two  or  three  hours  A 
Volatile  Salt  will  rife  into  the  head  ;  and  then  the  Spirit  of 
Wine  will  diftil  into  the  receiver,  carrying  with  it  a  portion 
of  the  Volatile  Salt. 

When  nothing  more  will  come  over,  let  your  vefTels 
cool;  then  unlute  them,  feparate  the  Volatile  Salt,  and 
weigh  it  dire£tty.  Return  it  into  a  glafs  cucurbit,  and  for 
every  ounce  thereof  add  a  dram  and  a  half  of  Eflential  Oil, 
drawn  from  one  or  more  forts  of  aromatic  plants.  Stir  the 
whole  with  a  wooden  fpatula,  that  the  EfTence  may  incorpo- 
rate thoroughly  with  the  Volatile  Salt.  Cover  the  cucurbit 
with  a  head,  fit  on  a,  receiver,  and,  having  luted  it  exactly, 
diftil  in  a  fand-bath,  as  before,  with  a  very  gentle  heat.  AU 
the  Volatile  Salt  will  rife,  and  ftick  to  the  head.  Let  the  fire 
go  out,  and  when  the  veffels  are  cooled  take  your  Salt  out 
of  the  head.     It  will  haye  an  odour  compounded  of  its  own 
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proper  fmell,  and  the  fmell  of  the  Eflence  with  which  it  is 
combined.  This  is  an  Aromatic  Oily  Salt.  Put  it  into  a 
bottle  flopped  clofe  with  a  eryftal  ftopple. 

OBSERVATIONS. 

The  defign  of  this  operation  is  to  incorporate  and  unite 
an  Oil  with  a  Volatile  Alkali.  Spirit  of  Wine  is  added  in 
the  diftillation  of  the  Volatile  Salt,  intended  for  this  purpofe, 
in  order  to  prepare  it  for  receiving  the  Oil,  and  combining 
more  eafily  therewith.  This  Salt  hath  the  property,  as  was 
fhewn  in  the  preceding  operation,  to  carry  up  with  it  part  of 
the  fubftances  with  which  it  is  diftilled  On  this  occafion 
therefore,  it  is  impregnated  with  a  little  of  the  Spirit  of 
Wine ;  and  this  Spirit,  which  contains  in  itfelf  an  oily  mat- 
ter, and  is  the  folvent  of  Oils,  cannot  fail  to  facilitate  the 
union  of  the  Oil  with  the  Volatile  Salt,  as  it  ferves  for  a 
medium  between  them.  Yet  it  muft  not  be  conlidered  as  a 
neceffary  one.  A  Volatile  Salt,  fublimed  with  Salt  of  Tar- 
tar alone,  Would  alfo  very  readily  take  up  any  Oil  with 
which  it  mould  be  diftilled.  We  have  feen  that  Volatile 
Alkalis  are  originally  impregnated  with  much  Oil,  which  is 
radically  diflblved  in  them ;  and  confequently  they  have  a 
great  affinity  with  that  fubftance.  So  that  if  we  diftil  them 
with  Spirit  of  Wine,  at  the  beginning  of  this  operation,  we 
do  it  not  out  of  any  neceflity,  but  only  with  a  view  to  acce- 
lerate or  facilitate  the  intended  union. 

In  this  diftillation  the  Volatile  Alkali  always  rifes  firft* 
and  before  the  Spirit  of  Winej  which  proves  that  it  is  much 
more  volatile,  though  it  be  more  ponderous  than  the  Spirit. 

If  the  Spirit  of  Wine  ufed  in  this  diftillation  be  very  a- 
queous,  it  will  diflblve  the  Salt  as  it  comes  over,  and  will 
reduce  it  into  a  Spirit :  but  if,  on  the  contrary,  it  be  well 
dephlegmated,  the  Volatile  Alkali  will  remain  in  a  concrete 
form,  and  will  not  be  diflblved  in  this  firft  diftillation. 

If  you  defire  to  have  the  Volatile  Salt  entirely  diflblved  in 
the  Spirit  of  Wine,  though  highly  dephlegmated,  it  muft  be 
repeatedly  diftilled  a  great  number  of  times  with  the  fame 
Spirit  of  Wine :  for,  though  the  fmall  quantity  of  Spirit  of 
Wine,  with  which  it  unites  in  the  firft  diftillation,  be  not 
capable  of  reducing  it  into  a  liquid,  yet,  as  it  takes  up  more 
and  more  every  time  it  is  diftilled,  it  diflblves  at  laft,  and 
then  with  the  Spirit  of  Wine  forms  a  fluid  that  appears  per- 
fectly homogeneous.  The  Volatile  Alkali  is  now  rendered 
confiderably   milder  by  the  union  thus  contracted,  and  is 
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accordingly  called  the  Dulcified  Volatile  Spirit  of  Sal  Am- 
moniac* 

When  well  dephlegmated  Spirit  of  Wine  is  mixed  with  a 
Volatile  Spirit  of  Sal  Ammoniac,  perfectly  faturated  with 
Volatile  Salt,  thefe  two  liquors  together  immediately  form  a 
white  opaque  coaguhim.  But  for  this  purpofe  you  rriuft  not 
ufe  a  Volatile  Spirit  diftilled  with  Lime  ;  for  then  the  expe- 
riment will  not  fucceed. 

This  coagulum  does  not  feem  to  be  the  effect:  of  an  inti- 
mate union  between  the  two  fubftances  mixed  together,  like 
that  which  refults  from  the  union  of  a  Fixed  Alkali  with  an 
Oil.  It  hath  juft  now  been  (hewn  that  Spirit  of  Wine  and 
a  Volatile  Alkali  do  not  readily  unite  together.  I  believe 
the  effect  rather  depends  on  this,  that  Spirit  of  Wine  hath  a 
greater  affinity  than  the  Volatile  Salt  with  water;  and  there- 
fore the  Spirit,  which  ought  to  be  perfectly  dephlegmated, 
attracts  the  water  wherein  the  Volatile  Salt  was  diflblved, 
which  thereupon  recovers  its  concrete  form  ;  and  being  at 
that  time  mixed  with  the  Spirit  of  Wine,  it  keeps  that  Spirit 
locked  up  among  its  parts,  and  hinders  it  from  appearing 
with  its  natural  fluidity. 

What  confirms  this  notion  is,  that  the  coagulum^  which  at 
firft  feems  to  make  but  one  whole,  foon  feparates  into  two 
parts,  whereof  one,  which  is  folid,  and  nothing  but  the  Vo- 
latile Salt  concreted,  lies  at  the  bottom  of  the  veflel ;  and 
the  other,  which  is  fluid,  cannot  be  miftaken  for  any  thing 
but  the  Spirit  of  Wine,  which,  being  difengaged  from,  the 
particles  of  Salt,  recovers  the  form  of  a  liquid,  and,  being 
the  lighteft,  floats  over  the  Salt.  Yet  thefe  two  fubftances, 
though  now  very  diftinct  from  each  other,  are  not  fo  pure  as 
before  they  were  mixed  together.  The  Spirit  of  Wine  hath 
diflblved  a  little  of  the  Volatile  Salt ;  and,  on  the  other  hand, 
the  Volatile  Salt  retains  a  little  of  the  Spirit  of  Wine.  They 
may  indeed  be  perfectly  united  and  blended  with  each  other, 
by  the  method  above  delivered ;  that  is,  by  being  frequently 
diftilled  and  cohobated  together,  till  they  form  one  mixt ; 
but  then  that  mixt  will  be  in  a  liquid  form. 

The  firft  time  this  mixture  is  diftilled,  a  great  deal  of 
Volatile  Salt  rifes  firft,  which  is  very  fit  to  unite  with  an 
EfTential  Oil,  and  fo  to  become  a  Volatile  Oily  Aromatic 
Salt. 


THE        END, 
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EXPLANATION    of    the    PLATES, 

PLATE        FIRST. 

F  I  G.    I.      A  Copper  Akmbk. 

A.  The  Cucurbit  or  Body. 

B.  The  Neck. 

C.  The  Head. 

D.  The  Beak,  Nofe,  or  Spout. 

E.  The  Refrigeratory,  or  Cooler. 

F.  Its  Cock. 

G.  The  Receiver. 

F  I  G.   II.     A  Glafs  Alembic. 

A.  The  Cucurbit. 

B.  The  Head. 

C.  The  Gutter  within  the  Head. 

D.  The  Beak. 

FIG.    HI.     A  long-necked  Glafs  Alembic. 

A.  The  Body  of  the  Matrafs. 

B.  The  Neck. 

C.  The  Head. 


PLATE      SECOND. 

F  I  G.    I.      A  Glafs  Alembic  of  one  piece. 

A. 

The  Cucurbit. 

B. 

The  Head. 

C. 

The  Aperture  in  the  Head. 

D. 

Its  Stopple. 

E. 

The  Mouth  of  the  Cucurbit. 

F  I  G.    II.      A  Pelican. 

A. 

The  Cucurbit. 

B. 

The  Head. 

C. 

The  Aperture  in  the  Head,  with  its  Stopple. 

D. 

D.  The  two  curved  Spouts. 

F  I  G.    III.      A  Row  of  Aludels. 

F  I  G.    IV.      A  Retort. 

A. 

Its  Bowl. 

B. 

Its  Neck. 

FIG.    V.      An  Englifl?  Retort. 

PLATE      THIRD. 
F  I  G.     I.      A  Reverberating  Furnace. 

A.  The  Afli-hole  Door. 

B.  The  Fire-place  Door. 

C.  C.  C.  C.  Regifters. 

D.  The 
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I).  The  Dome,  or  Reverberatory. 

E.  The  Conical  Funnel. 

F.  The  Retort  in  the  Furnace. 

G.  The  Receiver. 

H-  H.  Iron  Bars  to  fuftain  the  Retort. 

FIG.     II.       The  Conical  Funnel  by  itfelf. 
F  I  G.     III.      Back  View  of  a  Muffle. 

A.  The  bottom  of  the  Muffle. 

B.  Its  Arch. 

C.  C.  C.  Lateral  apertures. 

F  I  G.     IV.       Fore-View  of  a  Muffle. 
F  I  G.    V.       A  Melting  Furnace. 

A.  A.   The  Bafe  of  the  Furnace. 

B.  The  Afh-hole. 

C.  D.  The  Grate  for  the  Fire.' 

E.  The  Fire-place. 

F.  G.  H.  Curvature  of  the  infide  of  the  upper  part  of  the  Fire* 

place. 
I-  The  Shaft  or  Chimney. 


PLATE      FOURTH. 

A  Cupelling  Furnace. 

A.  The  Afh-hole. 

B.  B.    Its  Hiding  Doors. 

C.  The  Fire-piace. 

D.  D.    Its  Aiding   Doors. 

E.  F.    Small  apertures  in  the  Sliders. 

G.  G.    Holes  for  Bars  to  bear  the  Muffles. 

H.  H.  H.    Iron  braces  in  the  fore-part  of  the  Furnace,  which 

form  grooves  for  the  Doors  of  the   Fire-place  and  Aih- 

hole  to  Aide  in. 
I.   The  upper  pyramidal  part  of  the  Furnace. 
K.  An  aperture  therein  for  managing  the  Coals. 
L.  The  opening  at  top. 
M.   The  Pyramidal  Cover. 
N.   The  Chimney  or  end  of  the-  Shaft,    on  which  the  conical 

Funnel  may  be  fitted. 
O.  O.  O.  O.    Handles  for  moving  the  Hiding  Doors. 
P.  P.    Ears  of  the  Pyramidal  Cover. 

2V*.  B.  The  Furnaces,  as  reprefented  in  the  two  laft  Plates, 
are  not  in  due  proportion  to  each  other.  The  Cupelling  Fur- 
nace is  much  larger  than  it  lhould  be,  with  refpect  to  the  Melt- 
ting  Furnace.  Thefe  dimenfions  are  here  given  it,  only  that 
all  its  parts  might  be  more  difti nelly  exprefled,  than  could  have 
been  done  if  we  h*d.  made  it  lefs. 

INDEX. 


INDEX. 


ABforbent  Earths 
Acetous  Fermentation 


Acids  in  general 


the  Univerfal,  or  Vitriolic 
the  Nitrous  — — 

the  Marine  

the  Vegetable  

the  Animal  


Acids  dulcified  — 

Adopters  •- 

iEther  « 

JEthiops  Mineral 

of  Antimony 

Affinities  between  Bodies  in  general  9 

of  Acids  in  general                 — —  121 

of  the  Marine  Acid                      • 122 

of  the  Nitrous  Acid         - — —                 123 

of  the  Vitriolic  Acid                  ib. 

of  Abibrbent  Earths             —  ib. 

of  Fixed  Alkalis         ibm 

of  Volatile  Alkalis 124 

of  Metallic  Subftances V'  ib* 

of  Sulphur                             ■                         — .  ibm 

of  Mercury         — ■  ib* 

of  Lead ■  125 

of  Copper         ...  1 -1  ib. 

of  Silver         —             — — -                      .  ib. 

of  Iron                  P  ib. 

of  Regulus  of  Antimony                          ■  ib. 

of  Water             _ — —-  ib% 

of  Spirit  of  Wine — „—  ibm 

Air — -                           2 

from  GuaiacunvWood                       «-— — -,  440 

from  Tartar         — — ■             — -                 —  516 

Alembics  of  Metal                      .               .  128 

Alembics  of  Glafs             - — —                                 ,  ...  120 

tubulated                     ■                     „ jfim 

Algaroth,  Pulvis               - 242 

Alkalis         \ —                              ^m                      !£ 

Fixed         —               **■              $4,  106,  44S,  4.49, 

Alkalis 


INDEX. 

Alkalis  Fixed  from  cea-falt  —         26 

from  maritime  plants  _  106 

from  burnt  vegetables         —  —      443 

from  Nitre         ■  187 

from  Tartar  5 1 5 

from  Wine -lees  517 

made  more  Cauftic  by  quick-lime     —     36.  455 

Volatile  98,  107,  446,  599,  609 

from  plants  with  cruciform  flowers       —      445 

Alkohol  88,  484 

Aludels  —  130 

Alum  19,   165 

Roman  ■  —  167 

Amalgams  — —  ■  59,  233 

Amber         —  —  —         119,467 

Ammoniacal  Salts  98 

Analyfis,  Chymical  — 10 1 

of  Vegetables  JC2 

of  Animals  106 

of  Minerals  « —     108 

of  Guaiacum  Wood  44a 

of  Muftard-feed         —  . — ' —         445 

of  Wood-foot  457 

of  Turpentine  460 

of  Benzoin         —  ■  463 

of  Amber  —       467 

of  Bee's- Wax  ».  472 

of  Honey  474 

of  Gum-Arabic  476 

of  Wine  ■  48Q 

of  Spirit  of  Wine  w— . 4S6 

of  Tartar  —  514 

of  Vinegar  542 

of  Putrid  Vegetables  •—  559 

of  Butter  —  —  —         566 

of  Cheefe  —  —  569 

of  Whey  —  —  —     571 

of  Bullock's  Blood         —  574. 

of  Beef        —  —  — -         5  80 

of  Os-bones  —  —  —     583 

of  Mutton-Suet  —  —  584 

of  Pullet's  Eggs         —  —  —     586 

of  Human  Excrement  —  —         588 

Urine         — r  —     596 

Animals  —  —  —         106,  574 

Anodyne  Mineral  Liquor         —  .  —  —        500 

Antimony,  Crude  —  6$,  116,  234,  315,  335,  339 

Diaphoretic  —  .         -^  67,  326 

Un* 


INDEX. 

Antimony,  diaphoretic,   unwarned         — 
Aqua  Fortis  —  — 

purified  —  « — 

blue  —  — 

Aqua  Phagedenica         —  — 

J  qua  Regis  —  —  38, 

Aquila  Alba  —  — 

Arcanum  Duplicatum  —  — 

CorraUinwm  — 

Ardent  Spirits  —  —  — 

Aromatic  ftrong  Waters  — 

OilyVolatile  Salt  — 

Arfenic  —  — 

Fixed  —  — 

Afiky,  parting  — 

AfK- hole  —  — 

Aurum  Fulmlnans  —  — 

reduced  — 


— 

329 

2"4» 

~~ 

43 
3  77 

— 

312 

M> 

2I7» 

227 

61, 

3J2 

19 

6c, 

3c* 

*5> 

481 

~ — ™ 

5*4 

620 

— 

72, 

118 

— 

381 

42, 

250 

"J4 

38. 

39> 

229 

38, 

.  39> 

23^ 

B 


Ballons  — 

Balneum  Mariz  — 

Balfams  — 

of  Sulphur 
Bar  iron  — - 

Bafis  of  Sea-Salt 

of  Nitre  — 

Baths,  Water,  Vapour,  Sand 
Beak  of  ail  Alembic 
Bee's- wax  — 

Bell-metal         — 
Benjamin,  or  Benzoin 
Bezoar  Mineral 
Bezoartic  Spirit  of  Nitre 
Bile  — 

Bifmuth  .— 

Bitumens,  Native 

Artificial 

Black  Copper 

Flux  — 

Blind  Head 
Blood  — 

Blue  Aqila  Fortis 

Enamel  — 

Powder         — 

Vitriol 
Boles  — 

4K 


— 

132 

— ■ 

'33 

— 

81, 

460 

434 

~*~ 

48 
26 

■ 

185 
J33 

128 
472 

■ 

53 
4^3 

64, 

343 
ib. 

108 

69, 

11  7> 

S50 

79> 

119, 

467 

493> 

5J3 

■ 

263, 

264 

241 

— 

130 

108, 

574 

377 
371 

— 

ib. 

46, 

in, 

286 

169 

I 

.ones 

index.: 

Bones             — -  —                            __    583 

Borax  —                                 27,  218,  524 

Brandy                       —  —          85,  483 

Brafs.             ~~\  ~~*                                7X>  352 

Brewing  Malt  liquor  —                                          —         479 

Bronze              —  —                                     55 

Burnt  Alum  —                                          —         19 

Butter  of  Antimony  64,  338 

Lunar         —  —         34  r 

of  Bee's- wax  472 

of  Cacao  —                      —             —     410,  473 

of  Milk  —                   —     584,  566,  56$ 


Cadmia  Farnacum                   —  —     7 1,   358 

Calamine,  or  Lapis  Cala?mnaris              —  71,   118,  357 

Calcination         —                       —  29,  30,  36,  117 

Calx  of  Antimony                  —  —            63,  321 

reduced                    - —  —     323 

vitrified                        — =-*  330 

of  Arfenic             —  —          367 

of  Bifmuth                         — 1  —                   69 

of  Copper             — -  — 267 

of  Lead                             —  —              292 

Calx  of  Tin            —                        < —  —    52,  280 

of- Zinc                       ■ —  —                   361 

Camphor,  Native —         465 

Factitious  ■                         466 

Caput  mortuum  ■  "    105 

Carat         55 

Cauitic  Stone,  common  Cauftic,  or  potential  Cautery     33,  455 

Cementation              —                  —  —         48,  258 

Cendre  Gravelee                       —                   —  —     517 

Cerufe              t      —  —         92,  553 

Chalybeated  Tartar                         95,  528 

Soluble         —  —         54,  528 

Charcoal              - — —                             S,  77,  449 

Cheefe  562 

Churning — —  564 

Chyle  ^                           ^ 108,  393,  565 

Chymical  Decompofition                     —     101 

VefTels         —                 126 

Furnaces                  — « — —  —     133 

Chymiftry,  its' Object         —  —                           1 

Cinabar  —  —  62,  116,  298,  306 

of  Antimony         — >                 — .  —     69,  338 

Clyjfus  of  Antimony                  — .  — •                  33*? 

Cfyjus- 


INDEX. 

Clyjfus  of  Nitre         —  —     if  9 

Coal         —  —  8,  77,  449 

Cobalt  —  —     119,   367 

Cohobation  —  — 1  130 

Colcothar         —  —  —     174 

its  Salt  ib. 

Combination  of  Mercury  with  Sulphur  —         3p6 

with  the  Marine  Acid  —     308 

of  Regulus  of  Antimony  with  the  Marine 

Acid  >      —  338 

of  Zinc  with  Copper         —  —  361 

of  Fat  Oils  with  Acids  —  398 

with  Fixed  Alkalis  —         400 

with  Sulphur  405 

with  Lead  —      406 

of  Effential  Oils  with  Sulphur         — ■ —  434 

with  Fixed  Alkalis  —     438 

of  Spirit  of  Wine  with  the  vitriolic  Acid         492 
with  Spirit  of  Nitre     —     50$ 
with  the  Marine  Acid    —  508 
of  Cryftal  of  Tartar  with  Abforbent  Earths    519 
of  Cryftal  of  Tartar  with  Fixed  Alkalis    —  524 
with  Iron  —  528 

with  Regulus  of  Anti- 
mony —  534 

<?f  Vinegar  with  AUpjis 547 

with  Copper  550 

with  Lead         —  —     552 

of  a  Volatile  Alkali  with  Acids  —  602 

with  oily  Matters      —     61 S 

Combuftion,  its  effect  on  Vegetables  448 

Colophony         —  — -       462 

Condenfation  of  Air  — -  —  3 

Cooler  of  an  Alembic  — -         129 

Copper  44,   J 13,  247,  253,  262,  289 

feparated  from  Iron         —  —  —         56 

from  Lead  —  —  ib. 

Black  —  263 

Copperas,  or  Green  Vitriol  —  —     49,   160 

Corrofive  Sublimate         —  61,  30S 

Cream,  of  Milk  —  —     561 

of  Tartar  —  —         93,  517 

Cremor  Calcis  ' —  —  30,  520 

Crocus  Mart  is  —  —  49,  276 

Aperient  -—  —     $1,  277 

Afiringens         —  ■ ■  ib. 

Metal/or  urn         —  —  —     66,  326 

Crucibles  —  —  —  132 

4K3  Cruciform 
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Cruciform  flowered  Plants 

—                       — 

445 

Cry  .1  all 

ization                — 

— 

16 

Cry  Hals 

of  Antimony 

—                          — 

336 

of  Arfenic                  — 

—                72» 

377 

of  Bifmuth 

253 

of  Silver              

40, 

254 

of  Tartar                      — 

m         935 

5l7 

of  Lead         — 

—           —    92, 

297 

of  Mercury                  — 

— 

3°7 

of  Venus,  or  Copper 

55° 

Cucurbi 

it-    •        — 

—                        — 

128 

Cupel 

— 

~.                55> 

243 

Cupelling 

_~                        — 

243 

Curd 

D 

-         56, 

569 

Decodion                   — - 

~                          7~      410, 

419 

Decompoikion,  Chymical 

—                       — 

101 

of  Sulphur  by  burning  it 

176 

of  vitriolated    T 

artar    by   means   of  the 

Phlogiiton 

;            "                                                  

179 

of  Nitre  by  means  of  the  Phlogifton 

186 

of  the  vitriolic  Acid 

191 

of  Arfenic         -**- 

377 

of  Sea-fail  by  means  of  the  Phlcgifton 

197 

. 

of  the  vitriolic  Acid 

211 

of  the  Nitrous  Acid  217 
o£  Borax  by  means  of  Acids  —  218 

of  Butter  of  Antimony  by  means  of  Wa- 
ter —  - —  342 
of  Fat  Oils  combined  with  Acids       —     398 
with  Fixed  Alkalis  400 
with  Lead       —       406 
of  Effential  Oils  combined  with  Sulphur   434 

with  Fixed  Al- " 
kalis    —  438 
of  Spirit  of  Wine  combined  with  the  vi- 
triolic Acid  —  —         492 
of  Soluble  Tartars                   —         95,  526 
of  Regenerated  Tartar         —  —     547 
of  Salt  of  Coral,  Crab's  eyes,  Pearf,  &c.  549 
oi  Verdegris                — ■  .                    —       550 
of  Salt  or  Sugar  of  Lead           —  555 
nt  Sal  Ammoniac  by  Acids              —       607 
by  Fixed  Alkalis    —     608 
by   Abforbent   Earths 
and  IJ.ros       — .        61  { 
Decrepita- 
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Decrepitation  27 

Deliquium              —  ■                                      I  z 

Diaphoretic  Antimony,  or  Mineral  —          65,  67,  326 

Unwafhed  —             —            329 

Diffolution  of  Metals           —  —              35 

Diftillation         —                         —     10 1 


per  defcenfuvi.  —  • —       127,  419 

per  afcenfum  ;  128 

per  I  at  us  ■  ■     \  ■  131 

Diftilled  Verdegris         — *  550 

Vinegar — — -     91 

Dome  of  a  Furnace  — .  — 135 

Dry  way  of  parting  Js/letals         —  —       42 

Drying  varnifh  87 

Dulcified  Acids  ib. 

Volatile  Spirit  of  Sal  Ammoniac         - — —  620 


Earth -• — —  — — ~  4 

fufible  or  vitrifiatje                       5,  29 

unfufibje  or  unvitrifiable         - ib. 

abforbent         ' 5; 

calcinable  and  uncalcinable          — -  —  29 

Eggs  analyzed                  586 

Elasticity  of  air                            3 

Elements  of  Bodies         —                      —  ?, 

Elixirs              — : 512 

Emetic  Tartar                      — — - —  95,  326,  331,  534 

Wine             — 326,  331 

Empyreumatic  Oils                      .  —  C;> 

Emuliipn  j  vegetable 104,  392 

Animal                          —  563,  587 

Enamel                         ■  cz 


Blue 


37* 


Ens  Veneris               .  ~                         —  60' 

Epfom  Salt                           196 

Eflential  Oils,  fee  Oils. 

Eifential  Salts             .  — . —          103,  387 

of  Vinegar             — —  —  545 

of  Wine         103 

of  Flefh                          —  582 

Expreffed  Juices,  of  Plants  103,  383 

of  Animals         106 

Exprefled  Oils                      — , —  103,  386,  387 

Extracts             104,  106,  419 

by  Triture             - — — 389 

Fajfifica- 
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Falsification  of  Eflential  Oils  «  425 

Fat,-  Animal         ■  107,  584 

Fat  Oils  by  expreffion  103,  386 

by  decoction  ■■  410 

attenuated  395 

Fat  Lute  _         148 

Febrifuge  of  Sylvius  — -     608 

Ferment,  or  Yeft — i —  48 1 

Fermentation 83 

Vinous  or  Spirituous         83,  478,  481 

checked  481 

Acetous  — —  83,  $7,  90,  536 

Putrefactive 83,  557 

Fetid  or  empyreumatic  Oils 

Fire,  element  of 

how  appjied 

naked  

Fire-place,  of  a  Furnace 

Fixed  Nitre  — 

Sulphur  of  Antimony 
Sal  Ammoniac  — — 

Arfenic         — — 
Flem  analyzed 

Flints 

Flowers  — 


of  Antimony         — 

of  Regulus  of  Antimony 

of  Sulphur  ■ — — 

of  Zinc  — 

of  Benzoin  

of  Sal  Ammoniac 

Martial 

Fluor,  of  an  Ore         - — — 
aqueous  of  a  Salt 

Fluxes  

Foliated  Salt  of  Tartar         ■ 

Forge  — — — 

Forged  Iron  — — — 

Fulguration  in  cupelling 

Fulmination  of  Nitre 

Furnaces  their  Conftru&ion 


Reverberating 
Melting        '_ 
Cupelling 
Lamp-heat         — 
Forge-heat 

Furnace^ 


INDEX. 

Furnace-Calamine  $5* 


Glafs             ' -"  s 

of  Lead                    —  5*  293 

of  Antimony                           '                       °3>  33° 

of  Bifmuth             ~     69>  351 

of  Zinc         '—  —                  k  36o 

Glauber's  Salt 27>   *69»  213 

Gold             —                                    37,  «*.  223 

refined  by  Cementation  —                             —  258 

imitated             —  —  <Q      7\>  364 

Golden  Sulphur  of  Antimony          08,  3 id,  334 

Grain,  in  Salt  Petre  working  — —  l83 

Grave/Iff,  or  Gravellee          ■ 5*7 

Green  Precipitate  to 

Vitriol             —     49>  *" 

fluid         —  27* 

Guaiacum  Wood  analyzed — ' —  44° 

Gums             —  " 8* 

analyzed                         —  47^ 

Gum  Refms              - — -  "  '  "             :  477 

Gypfum        —  .  -— ~                      169,404 


H 

Head  of  an  Alembic '  —         I2g 

Blind-head         ■  - — >  W 

Heart-burn  .  5«* 

Heat,  reverberated,  melting,  forging,  lamp-heat,  &c.         134 

Hepar  Sulphuris 2 1 

Hoffman's  Anodyne  Mineral  Liquor  

Honey  analyzed  

Hops  —  ~~ 


474 
484 


Icy  Oil  of  Vitriol        — *8>  *73 

Infernal  Stone             —                             4°>  255 

Infufion             —                          • — '   49* 

Ink,  fympathetic             353 

Iron                 —                         47>  «*  27° 

red-mire  and  cold- (hire                          272 

pig-iron  made  malleable         —  273 

converted  into  Steel                          — 4°»  274 

Juices  by  expreffion,  of  Plants         —                  —  102,383 

of  Animals               —  ?     lo6 

Kermes 
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K 


Kermes  Mineral 
Killed  Mercury 


Laboratory,  of  a  Furnace 

Lac  Calcis  

Sulphur  is  

Lapis  ijifernalis         — 

Caiaminaris  — 

purified         — 
Lead  ' 

White.  1 


Lees  of  Wine        .  -. ' 

Libavius,  his  fmoking  Liquor 

Lime,  Lime-ftone  

flaked  in  die  air 

Lime-water  

Liq.ueicent  Salts  — 

Litharge  — ■ — 

Liver  of  Sulphur 

of  Antimony         ■=— 

of  Arfenic 

Luna  Cornea  '■ 

Lunar  Cryftals 
Lutes  • 


M 


Maceration  of  Plants 
Magiftery 


of  Sulphur  — — 

of  Bifmutft         -* —    •* 

of  Coral,  Pearl,  Crab's-ejes,  &c. 

of  Lead  

Magnefia 

Malt,  Malting,  Malt-liquor  . : — 

Manna  — 

Marcaftes         —  

Matched  Wines  — 

Materia  per  lata  —  — 

Matrafs         —  — 

Mercury  

revivified  from  Cinabar         ■ — — - 
obtained  from  Lead  — 

Mercurius  prcecrpitatus  per  fe  

dulcis  — — .  ■     ■ 

vitas  — — 


6S, 

332 

3^5 

3°; 

520 

— 

21 

4°> 

25? 

V} 

,  118, 

357 
362 

53> 

"£. 

286 

— 

92> 

555 

5*5> 

51? 

■    61, 

23? 

29, 

520 

— 

30 

3°> 

520 

— 

17 

54> 

294 

2] 

[>  73 

67. 

32$ 



15 

5h 

256, 

257 



40 

H7> 

148 
4Tf 

22 

3   30 

— 1 

22 

7°> 

352 

549 
551 

— 

i»6 

479> 

486 

475 
109 

— 

482 

65*  67> 

32B 

— 

129 

^ 

►  n?> 

29§ 

- — 

62 

296, 

298 

5«> 

302 

6r, 

312 

64, 

342 

Mercurial 

t       K 


Mercurial  Earth 
Metals 


perfect  and  imperfect         — 

Metallic  fubltances  ■ 

Milk  

Minerals  *- 

Minium  — 

Moid:  way  of  parting  Metals 
Mortar  — 

Mother-water  — - 

Muffle  ~  ->- 

Mull 

Muftard-feed  analyzed  — 

N 

Neck  of  the  Alembic  -   ■  .  128 

Neutral  Salts  — — -  — —  15 

having  Lime  for  their  bafis  —         33 

Arfenical  * —     73s  377 

of  Vinegar  with  abforbent  Earths  —     gz 

Nofe  of  the  Alembic  —  12$ 

Nitre  — - — ■*  22,   iSj 

its  bafis  1  v.  -fl  — I —        1 85 

fixed  or  alkalizated 
quadrangular  _ 

Nitrous  Salts  with  an  earthy  balls 

with  Lead         

with  Mercury 


Chjeft  of  Chymiftry 

Ochre  m 

Oils,  in  general 

Mineral  

Vegetable 

Animal  

Fetid,  or  Empyreumatic 
Fat,  by  expreffion         — 

by  decoflion 
Eflential  by  expreffion 
by  diftiilatiou 
per  defcenfum 
rectified 
falfmed 
Oils  fired  by  Acids 
OU  of  Vitriol 

Icy 


N        D 


Oil-varnifli                                — 

®7 

Oil  of  Tartar  per  deliquium         — 

— 

94 

cf  Lime         —                          — 

— 

208, 

611 

of  Salt                      — 

— 

— 

216 

of  Mercury                          

— 

3°4 

of  Amber,  Volatile 



— 

467 

of  Eggs,  by  expreffion         — 

— 

586,  588 

of  Myrrh  per  deliquium 

* 

— 

587 

Ores          —                           — 

— 

109 

Orpimeiit                     — — 

75^ 

118, 

369 

P 

Panacea  6f  Mercury         — 

—                — _. 

61, 

3*4 

Pancreatic  Juice                           — 

— 

108 

Parting  Procefs,  in  the  humid  way 

—             — 

42, 

250 

in  the  dry  way 

— 

— 

258 

Pearly  matter             — 

-    65 

>  67, 

3*8 

pelican             —                          — 

— 

130 

Penny-weight              — 

— 

5S 

Petroleum          —                         •— 

— 

79 

Philofophic  Wool         — 



70 

Spirit  of  Vitriol           — 

— 

343 

Phlogifton                 — 

— 

7 

Phofphorus  of  Urine              — 

26,  77,  78,  198,  4, 

447 

Romberg's 

— 

618 

Pig-iron             

— 

48, 

a7r 

Platter         —                                   — 

— 

407 

Plumbum  cornettm         

__ 

57 

Point  of  Saturation                     — 

— 

16 

Pompholix              -■ — 

— 

70 

Potential  cautery              — 

— 

33 

Powder-blue         —                      ■ — 

— 

37* 

Precipitant                       — 

— 

— 

66 

Precipitation         - —                           — 

— 

22 

'•>  36 

Precipitate  of  Sulphur              — 

— 

22 

of  Gold,  purple 

—               . — 

284 

Precipitate,  Red                  — 

— 

6o, 

307 

Green                          -— 

— 

60 

Yellow         — . 

— 

61 

White                           — 

— 

3°7 

Precipitated  Aqua  Forfis             — - 

— 

44 

Prince's  Metal         — 

— 

h> 

,  364 

Principles  of  Bodies                  — — 

2 

Principle  of  Odour         — 

— 

408, 

4*3 

Proof  of  Spirit  of  Wine                  — ■ 

484 

Pulvis  Algaroth           — 

\        — - 

342 

Purification  of  Nitre                 — 

— 

185 

of  Spirit  of  Nitre 

-_.               — 

194 

Puri 

iqca- 

INDEX. 

Purification  of  Spirit  of  Salt  — 

of  the  Sedative  Salt  — - 

of  Silver  by  Nitre  — 

Pyrites  —  —  — 

Yellow  — 

White         —  — 

Copper- coloured  -**- 

CL 

Quadrangular  Nitre  —  — 

Quartation         —  -A- 

Quartz  —  ~" 

Quick-lime         —  — 

Quick-filver,  fee  Mercury. 

R 

Rabel's  Water         —  — 

Rape,  of  Grapes  

RarefacYion  of  Air  —  , 

Rectification  of  Oils  —  — 

of  Volatile  Alkalis  — 

Rectified  Spirit  of  Wine         —  — 

Reducing,  a  Metal  — - 

Reducing  Fluxes         —  — 

Refining  Gold  and  Silver  — *  45 

Refined  Salt-petre  — 

Refractory  Earth         —  — 

Calx  — 

Refrigeratory         —  

Regenerated  Tartar  — -  — 

Regifters  of  a  Furnace 

Regulus  — 

of  Antimony  

pure,  or  per  fe  — 

with  Metals  

of  Arfenic  — — 

of  Cobalt  •— 

Refms         '    r-  — 

Refufcitation  of  Metals         -—  — 

Retort  — 

Englifh  — 

Tubulated         -—                        — 
Revivify  a  Metal                           — 
Roafting  of  an  Ore         —  — 

Rochelle  Salt             — 
Rofin         - 

Ruby  of  Arfenic         — 

Runnet  —  - — ■ — - 

4  L  2 


— 

213 

222 

— 

248 

1  io, 

160 

— 

1 10 

III, 

118 

— . 

1 11 

27, 

217 

43> 

25t 

147 

3° 

495 

538 

— 

2 

81, 

422 

— 

100 

H 

— 

35 

46 

i  55>  66= 

•  351 

183 

29 

— 

53 

129 

92,  94, 

■  547 

J35 

1 10 
»  3l6 

62,  116. 

67 

234 

,318 

—  72, 

374 

119 

.  37i 

—  81, 

462 

35 

— 

*3* 

tb. 

— 

132 

35 

— 

109 

S2S 

460 

— — 

3^9 

5% 

Rult 

N 


% 


Huft  of  Copper 


4> 


general 


Saccharine  Juices  of  Plants  analyzed 

Saffrons  of  Mars  * m 

Saignette's  Salt 
Saline  Subftancei 
Saliva  ~r 

Sal  Ammoniac  rr—  r- 

Native  -— 

with  Vinegar 
Nitrous  — ~ 

Vitriolic,  or  Glauber's  Secret 
Catharticum  Ainarum         — — 
J)e  Duobus         > — 
Fehrifugum  Sylyii 
Gem  -. — 9- 

Mirabile 
^olychrsfium 
Salfmn  • .  ....  - 

Batumi         r^ 
Sedatimwz 
Salt  of  Amber,  Volatile 
of  Benzoin,  Volatile 
of  Colcothar         — 
Common,  or  Sea-falt 
Epfom  • — — 

of  Lime 

Petre  • 

Quieting  or  Sedative 

of  Soda,  or  maritime  Plants 

of  Pearl,  Coral,  CrabVeyes,  &c.  - 

of  Rochelle  « — - 

of  Tartar 

of  Urine,  which  produces  Phofphorus 

Salts,  Neutral         — 

with  Lime  for  their  bafis  — - 

with  Arfenic         - — 
of  Vinegar  with  abforbent  Earths 
Nitrous  with  abforbent  Earths  «-^- — 

with  Lead  — ^ — - — 

with  Mercury  — , — — - 

from  Excrement         — ^ 
h>alts,  Urinous  Volatile         — — — — 

Ammoniacal         i—  ..    ■. 

Effential  ■  ■  ■. ...  . . — 

Glauber's,  Artificial  -■. .. ...» 

j^tiye         9sa 


—  —    474 

49,  51,  276,  277 

—        95»  5*4 


73= 


94 

209 

15 
3* 
377 
9* 
z% 

— ■  297 
3°7 
59a 

97 
98,  602 

io3>  383. 

27,  21 1 

■—     169 

Salts, 


N        D        E        3£. 


Salts,  Saignette's      ^  — 

—            95*  524 

29,  609,  611 

Tachenius's         *»-* 

—         *o6",  453 

Samech  of  Paracelfus                 - — 

—      490 

$and-bath                 — w                                  ■*■ 

*33 

Saturation                                  — * 

**       l$ 

Scoria              — 

«**                     lid 

Scorifiers                              ■* 

—         *33 

Scorincation  with  lead         —* 

—                238 

Sedative  Salt                 ■—- 

~--             28,  219 

Selenites             ■*■« 

*•*■   19,  404. 

Semi-metals                          -— 

—               35,  62 

Serum  of  Milk        — ~ 

—    562 

of  Blood                                  — 

5/4 

Silver                         —                     4°>  44> 

112,  224,  238,  253 

Cauflic                         — ~ 

—            40 

Silver  rendered  very  pure                       * — 

256 

Slaked  Lime             — 

—         30 

Smalt         ^—                                               — 

57°,  371 

Smoking  liquor  of  Libavius              — * 

—    61 

Soap                 — » 

—         78, 400 

liquid                          -» 

*w    404, 

Starkey's                                      ~-* 

438 

Metallic             — 

— -              40S 

common  ufed  hv  Medicine         — 

-*—    405 

Soluble  Tartar             •. — 

—            95»  528 

chalybeated             - — i — 

518,  529 

Soot  of  Wood,  analyzed 

•                   457 

of  Cows  dung  yields  Sal  Ammoniac 

*w                604 

Spirit  of  Vitriol         —                          — 

18, 177 

Philofophic             —»- 

9^.0^         343 

Sweet                                 — 

500 

Volatile  of  Sulphur         — 

— •      2@,  485 

of  Nitre             — 

24 

Smoking                — *i — 

24,  191,  308 

Sweet  or  dulcified 

■—                     90,   504 

purified              ■ 

*-.           194 

Bezoartic                          — - 

64,    345 

of  Salt                 —, 

"~         25 

Smoking                        — 

/'  2$ 

Sweet  or  dulcified 

—           ^0,  508 
—     216 

concentrated             - — 

of  Wine             -^ 

—              85, 483 

Alcoholized             — 

—     87 

dephlegmated 

—          484,  486 

of  Verdegris         ■— <- 

—        55i 

Spirit  Varnilh         — 

-                      87 

Spirituous  Fermentation            ~^ 

—     84,  478 

Spirit, 

I        NT  D        E        X." 

Spirit,  Volatile,  Urinous  —  - ^7 

Spirit  us  Rettor  of  Plants  ■    ,   -                   105,  400 

Spout  of  the  Alembic         —  . *     128 

Steel             —  —                     48,  274 

ore                         ■—  —          276 

Stibiated,  or  Emetic  Tartar  —                          95>  53' 


Stum 


—         482 


Sublimate,   Corrofive  — .                               61,  308 

Sweet         —  —61,312 

SUgar  it     P  ~                              47* 

ot  .Lead.             —  -      —     92,  555 

Sulphur  Mineral  — , —                                    20 

extracted  from  the  Pyrites,  &c.  —              162 

Native  r-  ^4 

factitious  —                     *79>  399 

of  Antimony,    golden  —    68,  318 

fixed  329 

Sweat             —  —         I0g 

Sweet  Sublimate             —  -~-             61,  313 


Tachenius's  Salt             —  —         106,453 

Talc  —  169 

Tartar                 -               —  93,  103,  485,  315,  517 

Emetic        —  —          95,  534 

Regenerated  —                     92,  546,  547 

Soluble                 —  —         95,  519 

Tartarized  —                             95,   177 

Stibiated          —  _      g^  534 

Vitriolated  —                           19,   17.0 

Tartarized  Spirit  of  Wine         —  . —         87 

Tempering  of  Steel              — .  —           48,  275 

Terra  damnata  — ,                                        105 

Foil  at  a  Tart  art         — *■  —-92,  94, 5  49 

Tefts             _  _     133 

Tin                                        — -  52,  115,  279 

Tinfture,  of  Salt  of  Tartar  —                             —487 

of  Mars  with  Tartar  —                       528 

of  Copper           -7-  —      550 

Tinclures,  Vegetable  ~—                       510,  512 

Tin-glafs                 —  —              69 

Tin-plates  — -                                        ^2 

Tombac                 —  —         71 

Touch-  ftone                         —  —         261 

Trituration              — •  — .                        389 

Turbith  Mineral                  —  n                       —     60,  303 

Turpentine  analyzed  ,  460 

Tutty             ~~  __         35.9 

tTrlne 


INDEX. 

U 

Urine  —  —  log 

—  ~    97 


Urinous  fpirit  and  fait 


Vapour-bath              —  —               133 

Varnifh         —  ■ —                        87,  512 

Vegetable-falt                      —  ■ —      94,  524 

Verdegris                 —  —           92,  551 

diftilled                              —  —     550 

Vermillion         —  —                  62 

Vinegar   _  ; 91*  523*  537 

diftilled                      ■  —         91 

concentrated                              .  540,  545 

analyzed         —     542 

Vinous  fermentation                         83,  478,  481 

Vitriol,  blue         - —         46,  11 1,  268 

Green                         49,  m,  169 

White         —  —           71,  169,  365 

extracted  from  the  pyrites  —         1  rg 

of  Lead             —                 296 

Vitriolated  Tartar                     19,  170,  192,  194 

Vitriolic  acid         —  ( ,  l  3 

concentrated               mS 

Volatile  fpirit  of  fulphur         — ■  . 2o 

urinous  fpirit  and  fait  97,  609 

Spirit  of  fal  ammoniac         —  —     611 

oily  aromatic  fait        —  *e*                 620 

W 

Water         


hard 
Water-bath 


—  —                   403 

-~*  —    *33 

Waters,  odoriferous  ■                            4o8 

diftilled  

Wax  from  plants  by  decoction  4 1  o 

Whey 562 

analyzed                 —                      cyj 

White  arfenic         —  

Vitriol         7h  ^ 

Precipitate                         ___     »Q„ 

White  paint  for  ladies         « r  2 

White  of  an  c^g  analyzed  —  rS6 

Wines  84.,  2178,486 

matched                     ,    ,  ,     4g3 

concentrated  u \ 541 

Wine* 


412 

472 

1 

T 
72 


I       N       Q       E       K. 

"\Vme-lees                 — —  ...  ,  *§* 

Woo],  philofopliic  »- ■  70 


Yelk  of  an  egg,  analyzed              ■■  -.  ■                      c »  rg£ 

Yeiiow  ^a*  /<?r//7         — 2 . 

arienic         •  . — _.  72 

precipitate  — — —  61 

Yell,  or  ferment         — — *  _- = —  4#x 


Zaffre  -  ■  1— —  371 

Zinc,  — — »  * — —  70,117,357 

purified         ■  •      ■  «*< —     364 
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